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OBJECT OF INVESTIGATION. 


The preparation of frozen egg products is universally recognized as 
an excellent means ci conserving eggs which can not be sold in the 
shell as a first-grade product. So extensive has the business become 
that 19,286,396 pounds of this material were held in storage on 
January 1, 1920. Careful studies a frozen egg products, by 
M. E. etsone an and her colenens es,” have niduded studies of the 
character of the raw material, the equipment and operation of break- 
ine rooms, and the quality se the product sent mto commerce. As 
a result there has been a marked improvement in the selection of the 
raw materials used and of the processe s of manufacture, with a conse- 
quent improvement in the quality of the finished products. The 
examination of these 7 roducts has been a eat with what was sus- 

A 


4} 


pected of being a disparity of results when material of the same 


i The investigation discussed in this builetin was eas by the author with the assistance of the 
following members of the Bureau of Chemistry: M. K. Jenkins, i. A. Read, J. H. Bornmann, G. G. 
De Bord, W. F. Duncan, L. D. Elliott, BH. W. sanvon 1, W. R. North, G. C. Swan, and H. B. 
Switzer. 

2U. S. Dept. Agr:, Bur. Chem. Cire. 98 (1912); U. S. Dept. Agr. Buls. 51 ($14), 224 (1916), 39 
(4918), 663 (4918). 
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quality was analyzed in different laboratories. The present inves- 
tigation was undertaken in order to critically study these methods, 
and to ascertain whether they might be so standardized as to give 
concordant results when a number of analysts examined the same 
product simultaneously. A further object was to learn whether the 
results of the standardized methods would truly reflect the known 
quality of carefully prepared samples. 


PLAN OF INVESTIGATION. 


Since the great bulk of frozen egg products is Scrat in the Mid- 
dle West, it seemed advisable to have the samples prepared in that 
section. Moreover, it appeared that valuable information could be 
obtained by preparing samples in different geographical locations, as 

Michigan or Minnesota, where the eggs while in the shell would have | 
been Grancported and held under fairly cool climatic conditions, 
Tllnois or Indiana, where the climatic conditions would be somewhat 
less favorable, and Kansas or Missouri, where the weather would be 
hot. It was planned to ship these samples for examination to a 
central point where all the analysts were assembied, in order to 
eliminate as completely as possible all variable factors. Difficulties 
in transportation in 1917 made it doubtful as to whether frozen 
egg samples shipped from a distance would arrive in proper condition 
for analysis at a central pomt. For this reason a trip was made to 
ege-breaking plants in the States named, to ascertain whether eggs 
were reaching any one large concentrating and breaking center from 
the same general sources of supply as those used in the other locations, 
and to learn whether railroad transportation of samples could be 
depended upon. It was found that shipping frozen egg samples in 
small lots from outlying points to any certral location would be a 
precarious undertaking and inadvisable. It was found also that in 
one concentrating center eggs were being received constantly from all 
of the important producing States, in many instances after long rail- 
road hauls. For that reason, those in charge of the investigation 
decided to prepare the samples in August, when eggs are recognized 
as being of the poorest quality, in this concentrating center where 
checks, dirties, and current receipts were being received from distant 
poimts, with the attendant possibilities of deterioration. Thus, 
samples made from the lowest grade eggs which might legitimately 
be used for food purposes were assured. It was further determined 
that the samples should be examined in the same city in which they 
were prepared, in order to eliminate all railroad transportation. 

A series of samples was prepared from the different grades made 
commercially, allowing the breakers to follow their usual system of 
grading; a similar series in which the grading was done by members of 
the Bureau of Chemistry; and a series including a composite sample 
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of each class of eggs considered inedible, in so far as they were obtain- 
able. Records of the eggs used in making these samples were kept. 
The preparation of each type of sample was repeated in as many 
different factories, using different raw material, as many times as 
possible. 

PRELIMINARY INVESTIGATION. 


In order that all the analysts might have a good working knowledge 
of the methods of examination before assembling for the analysis of 
the frozen samples, and to obtain data on fresh eggs of high quality 
and on storage eggs, they were requested to carry out the following 
procedure in their home laboratories during the early summer: 


1. On five different days, each laboratory shall obtain a representative sample of 
absolutely fresh eggs. These shall be opened aseptically according to the method 
described, the yolks and whites shall be thoroughly mixed together under aseptic 
conditions, and the mixture shall be subjected to bacteriological, chemical, physical, 
and microscopical examination. 

2. On five different days, each laboratory shall obtain a representative sample of 
absolutely fresh eggs. These shall be opened aseptically according to the method 
described, and the yolks and whites separated. The thoroughly mixed yolks and 
the thoroughly mixed whites shall each be subjected to bacteriological, chemical, 
physical, and microscopical examination. 

3. On five different days, each laboratory shall obtain a representative sample of 
eges which have been in cold storage, but which are still considered edible, and shall 
proceed as under No. 1. 

4, On five different days, each laboratory shall obtain a representative sample of 
egos which have been in cold storage, but which are still considered edible, and shall 
proceed as under No. 2. 


RESULTS OF PRELIMINARY INVESTIGATION. 


The results of this part of the investigation are given in Tables 
1 to 7, which also include data obtained by one of the laboratories in 
the examination of some May eggs transported from Tennessee and 
Ohio to the Atlantic seaboard, and there opened under commercial 
conditions. 
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DISCUSSION OF RESULTS OF PRELIMINARY INVESTIGATION. 


The following facts are evident from the data given in Tables 1 to 
7, inclusive: 

1. The analytical results agree remarkably for all egg samples exam- 
ined, whether they were purchased and examined in New York, 
Philadelphia, Washington, Chicago, or San Francisco. This is true 
for eggs opened as soon after being laid as possible, as well as for those 
which were held in cold storage for approximately equivalent periods 
of time. From the regulatory point of view this is important, since 
it shows that but one basis of judgment as to quality is necessary for 
the whole of the United States. 3 

2. The limits of variation (Tables 1, 3, and 4) found in the freshest 
eges obtainable, opened aseptically in June and July, were as follows: 

In whole egg.—For total! solids, 25.96 to 27.19 per cent; for ether 
extract, 9.31 to 11.01 per cent; for ammonia nitrogen, 1 to 2 milligrams 
per 100 grams; for acidity of fat, 1.21 to 1.72 cc. of N/20 sodium 
ethylate required per gram; for reducing sugar, 0.29 to 0.36 per cent. 
No bacteria of any kind were found in any of the samples examined 
for bacteria. 

In yolk.—F or total solids, 46.93 to 50.90 per cent; for ether extract, 
24.49 to 28.78 per cent; for ammonia nitrogen, 2.5 to 3.1 milligrams 
per 100 grams; for acidity of fat, 1.44 to 1.96 cc. of N/20 sodium 
ethy!ate required per gram; for reducing sugar, 0.08 to 0.20 per cent. 
No bacteria of any kind were found in any of the samples examined 
for bacteria. | | 

In white.—F¥or total solids, 11.80 to 12.83 per cent; for ether 
extract, 0.01 to 0.12 per cent; for ammonia nitrogen, 0.0 to 1.2 milli- 
grams per 100 grams; for reducing sugar, 0.31 to 0.46 per cent. No 
bacteria of any kind were found in any of the samples examined for 
bacteria. What is meant by formula values is explained on page 66. 

3. The limits of variation (Tables 5, 6, and 7), found in April and 
May eggs which had been held in cold storage from four to eight 
months and which were opened aseptically, were as follows: 

In whole egg.—¥or total solids, 27.88 to 28.20 per cent; for ether 
extract, 10.52 to 10.80 per cent; for ammonia nitrogen, 2.6 to 2.7 
milligrams per 100 grams; for acidity of fat, 1.50 to 1.83 cc. of N/20 
sodium ethylate required per gram; for reducing sugar, 0.31 to 0.36 
per cent. No bacteria of any kind were found in any of the samples 
examined for bacteria. 

In yolk.—F or total solids, 39.43 to 43.05 per cent; for ether extract, 
19.24 to 22.09 per cent; for ammonia nitrogen, 3.8 to 4.9 milligrams 
per 100 grams; for acidity of fat, 1.53 to 1.82 ec. of N/20 sodium ethy- 
late required per gram; for reducing sugar, 0.18 to 0.23 per cent. 
As many as 260,000 bacteria per gram were found. 
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In white.—For total solids, 13.96 to 14.63 per cent; for ether extract, 
0.03 to 0.07 per cent; for ammonia nitrogen, 0.4 to 0.8 milligram 
per 100 grams; for reducing sugar, 0.37 to 0.48 per cent. As many 
as 290,060 bacteria per gram were found. 

A, The variations in chemical composition (Tables 5, 6, and 7), as 
would be expected, closely parallel the length of time the eggs were 
stored. 

_ In whole egg—tThe total solids tend to increase slightly; the ether 
extract to decrease; the ammonia nitrogen to show little change during 
the first eight months, after which there was a marked increase; the 
acidity of fat to increase markedly; and the reducing sugar to decrease 
during the first eight months, after which there was a marked increase. 

In yolk —Ali of the chemical constituents tend to increase mark- 
edly, with the exception of the reducing sugar, which tends to decrease 
during the first eight months, after which there was a marked increase. 

In white.—The total solids tend to decrease slightly, followed by an 
increase; the ether extract and ammonia nitrogen to show littlechange; 
the reducing sugar to decrease and then to increase markedly. 

5. The changes in the total solids and ether extract in storage eggs’ 
(Tables 5, 6, and 7) are believed to be due primarily to evaporation 
of moisture through the shell of the egg, and secondarily to decompo- 
sition. The changes in ammonia nitrogen, acidity of fat, and reduc- 
ing sugar are believed to be due primarily to decomposition and 
secondarily to evaporation. The decrease in the substances meas- 
ured as reducing sugar by the method employed is believed to be 
due to a biological decomposition of true reducing sugars, while the 
marked increase which was noted on longer storage is believed to be 
due to the breaking down of some of the ovomucoid, which is a glyco- 
protein and on hydrolysis yields a reducing substance, probabiy 
chondroitin-sulphurie acid. This may break down into glucosamine 
or some similar substance. 

§. As showing the deterioration which takes place, especially in the 
yolk, on long storage, the results obtained from May eggs which had 
been in cold sterage for 13 months (Tables 5, 6, and 7) are of more 
than passing interest. These eggs looked edible, but were considered 
inedible because they had a slight odor and taste resembling damp 
fillers, and were markedly shrunken, with somewhat weak yolks and 
with whites slightly tinged with yellow, probably due to diffusion from 
the yolks. The average results obtained were: 

In whole egg.—¥or total solids, 29.34 per cent; for ether extract, 
10.88 per cent; for ammonia nitrogen, 3.2 milligrams per 100 grams; 
for acidity of fat, 1.68 cc. of N/20 scdium ethylate required per gram; 
for reducing sugar, 0.39 per cent. No bacteria were found in the 
one sample examined. 
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In yolk.—For total solids, 43.87 per cent; for ether extract, 22.74 
per cent; for ammonia nitrogen, 6.4 milligrams per 100 grams; for 
acidity of fat, 1.78 ec. N/20 sodium ethylate required per gram; for 
reducing sugar, 0.29 per cent. No bacteria were found in the one 
sample examined. 

In white-—¥or total solids, 15.54 per cent; for ether extract, 0. 03 
per cent; for ammonia nitrogen, 0.4 millions per 100 grams; for 
reducing sugar, 0.55 per cent. No bacteria were found in the one 
sample examined. | 

7. A comparison of the chemical results obtained from fresh eggs 
(Tables 1, 3, and 4) with those obtained from eggs which had been 
held in cold storage (Tables 5, 6, and 7), in which there was a progres- 
sive deterioration as the length of time in storage increased, justifies 
the statement that cold storage does not preserve eggs in the condition 
'n which they were when placed in storage, but merely retards decom- 
position and deterioration and keeps them in a marketable condition 
for several months. 

8. In sample 541%, ammonia nitrogen of 7 milligrams per 100 
grams in the case of the yolk (Table 3) and of 1.6 milligrams per 100 
grams in the case of white (Table 4), together with acidity of the fat 
in the case of yolk of 2.63 cc. of N/20 sodium ethylate required per 
gram, when compared with the results already cited for fresh eggs 
(Tables 3 and 4), are of interest as showing how very perishable the 
eog is and what great changes in composition take place, even while 
the eggs are still in the shell, when held for as short a period as 10 days 
without refrigeration. 

9. In the case of the whole egg samples (Table 2) prepared com- 
mercially during the month of May from firsts, seconds, cracks, and 
dirties, which, it should be remembered, had been transported over 
long distances, the average total solids determination of 27.59 per 
cent and the average ether extract determination of 10.28 are higher 
than the corresponding average figures of 26.54 and 10 in the case of 
the strictly fresh egg samples (Table 1), indicating either a shrinkage 
due to evaporation or the mechanical loss of some of the more watery 
white. The average ammonia content figure of 2 milligrams per 100 
grams and the average acidity of fat figure of 1.80 cc. N/20 sodium 
ethylate required per gram are higher than the corresponding average 
fioures of 1.5 and 1.49 in the case e fresh eges, as would be expected, 
and indicate clearly incipient decomposition. The average figure 
of 1,500,000 bacteria per gram in these commercial samples, as com- 
pared with the lack of bacteria in the fresh whole egg samples pre- 
pared aseptically, results from the fact that the eggs composing these 
samples were taken from commercial breaking stock and were opened 
under commercial conditions. 
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10. A comparison of the average results for acidity of fat of 1.49 
and 1.72 cc. of N/20 sodium ethylate required per gram, respectively, 
in whole egg (Table 1) and in yolk (Table 3), both prepared from the 
freshest eggs obtainable, shows that higher figures were obtained in 
the case of yolk. Theoretically, the figures should be identical, or 
very nearly so. It is possible that this difference is due to the 
removal of substances from the white of the egg by the solvent or by 
the presence during drying of a relatively large amount of protein in 
the whole egg. For a tabular summary of this discussion see Tabie 
26 (page 76). 

PROGRESS OF THE INVESTIGATION. 


PREPARATION OF SAMPLES. 


Karly in August, 1917, under the supervision of two representatives 
of the Bureau of Chemistry who have had wide experience in grading 
eges both before the candle and while out of the shell, the frozen egg 
samples were prepared in four commercial houses which are as wel] 
equipped as the average breaking plant. In candling and grading 
the eggs and in preparing the samples representatives of the manu- 
facturers were always present. The manufacturers showed a most 
eratifying spirit of cooperation throughcut the entire investigation. 
During the preparation of the samples careful records were made of 
all the available informaticn concerning the past history of the 
breaking stock and its distribution. As far as possible records were 
also kept of the number and kinds of eggs which entered each sample. 
In the case of the samples designated as commercial in Tables 8 to 23 
the manufacturers were allowed to follow their own grading, of which 
the Bureau representatives kept a careful record. In the samples 
designated as experimental the grading was done by the Bureau of 
Chemistry representatives. 

The Department of Agriculture has taken the position that only 
two grades of frozen egg material should be prepared—namely, food 
ege and tanners’ egg.t Several manufacturers, however, prepare 
more than one grade of food product. For this reason experimental 
samples presumably of more than one grade were prepared, but this 
fact is not to be considered as indicating the approval of the Bureau 
of Chemistry of such a procedure commercially. In a number of 
cases as nearly as possible identical types of samples were prepared 
in several different houses with different raw materials, different 
equipment, and different breakers. _ 


1U. 8. Dept. Agr. Bul. 224, p. 21. 
158352°—20—Bull. 846——_2 
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EXAMINATION GF SAMPLES. 


After the samples had been prepared, frozen, and held in cold 
storage for several weeks they were examined by three bacteriologists 
and five chemists. Only one determination of each constituent was 
made by each chemist, for the reason that four or five chemists per- 
formed each determination, averages of which give very reliable 
results. All bacteriological examinations were made in duplicate. 


RESULTS OF EXAMINATION CF SAMPLES. 


The results of the examination of the samples are given in Tables 
8 to 23. For ease of comparison the histories of the samples and the 
analytical results have been grouped in the same table. Movyeover, 
all of the samples of the same type have been gathered into each - 
table, and averages have been calculated. These tables are self- 
explanatory, needing but the few additional comments which are 
given on pages 55 to 59. Throughout, the use of terms as given in 
U. S. Department of Agriculture Bulletin 224, page 21, has been 
followed. 
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DISCUSSION OF RESULTS OF EXAMINATION. 


The following conclusions may be drawn from Tables 8 to 23. 

i. Using the methods of examination as modified during this in- 
vestigation and fully described on pages 85 to 96, several analysts when 
examining the same samples at the same time obtained results which 
agree closely. This is important, as it proves that the methods are 
reliable and with justice to producer and consumer alike may be de- 
pended upon as the basis for judgment concerning the degree of 
decomposition which has taken place. 

2. The differences shown by the analytical results parallel to a re- 
markable degree the results of physical examination as determined 
in advance by examination of the individual eggs comprising the 
samples. It is therefore evident that from an analysis of a frozen 
egg product an accurate decision may be reached concerning the 
character of the raw materials used in its preparation. , 

3. In the samples of experimental first-grade whole egg (Table 8) 
the very close agreement in the results obtained from different 
samples for ammonia nitrogen, acidity of fat, and reducing sugar 
should be noted in connection with the fact that the raw materials 
used came from three different States. In the seven samples of 
this product the average ammonia nitrogen figures were respectively 
1.9, 2.1, 2.2, 2.1, 2.4, 2.2, and 2.3 milligrams per 100 grams; the aver- 
age acidity of fat figures were 1.84, 1.87, 1.92, 1.89, 1.85, 1.86, and 
1.86 cubic centimeters of N/20 sodium ethylate required per gram; 
and the average reducing sugar figures were 0.30, 0.30, 0.29, 0.31, 
0.30, 0.27, and 0.29 per cent. The comparatively low figures found 
for ammonia nitrogen and for acidity of fat, and the high figures for 
reducing sugar in the case of these eggs packed in August, when 
eggs are admittedly of the poorest quality, are also worthy of note, 
and prove conclusively that eggs showing practically no decomposi- 
tion occur in ordinary breaking stock, even in August. The proper 
inference is that the degree to which such eggs are present is pro- 
portional to the care with which the eggs while still in the shell have 
been gathered, cooled, and handled. An index to the amount of 
care in handling used in August, 1917, is furnished by the fact that 
in sample 64 only 57 per cent of the eggs graded could be placed 
in first-grade frozen whole egg, and in sample 70 only 45 per 
cent could be so used. The fact that in these two samples it was 
necessary to place 26 and 37 per cent, respectively, in the soft grade 
indicates clearly that the raw material became too greatly heated 
during transportation or storage. This is further emphasized from — 
another point of view by the fact that sample 46, prepared princi- 
pally from cracks from June case packs which had been held subse- 
quently in cold storage for two months, showed ammonia nitrogen 
to the extent of 2.1 milligrams per 100 grams, acidity of fat of 1.89 
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cubic centimeters of N/20 sodium ethylate required per gram, and 
reducing sugar of 0.31 per cent. 

4. The figures obtained from the products prepared experimentally 
by the investigators cited showed somewhat less decomposition than 
the figures obtained from products prepared commercially from the 
the same raw materials (Table 9). In the six samples of the latter 
product, the average ammonia nitrogen figures were, respectively, 
2.3, 2.5, 2.3, 2.8, 2.5, and 2.6 milligrams per 100 grams; the average 
acidity of fat figures were 1.95, 1.83, 1.77, 1.77, 1.73, and 1.76 cubie 
centimeters of N/20 sodium ethylate required per gram; and the 
average reducing sugar figures were 0.31, 0.30, 0.32, 0.29, 0.30, and 
0.32 per cent. This is readily explained by the fact that in the 
three samplesin which a record of distribution was kept, it was found 
that 92, 89, and 94 per cent of the eggs graded were placed in the 
first-grade products by the commercial graders, as compared with 57 
and 45 per cent as graded by the investigators. 

5. The bacterial contents of the first-grade experimentally pre- 
pared and first-grade commercially prepared samples were very 
simular, as was the distribution of the bacteria into groups in both 
types of sample. In the experimentally prepared samples the 
total bacterial counts averaged 4,000,000 per gram, with a maximum 
of 10,500,000 and a minimum of 120,000, while in the commercially 
prepared samples the corresponding figures were 2,600,000, 5,300,000, 
and 160,000. 

6. In close agreement with the figures already cited are those 
obtained from commercially prepared first-grade whole egg contain- 
ing sugar and salt (Table 10). In the five samples of this product, 
one of which was prepared in April and the other four in August, the 
average ammonia nitrogen figures were 1.8, 2.4, 2.5, 2.3, and 2.4 
milligrams per 100 grams; the average acidity of fat figures were 
1.68, 1.69, 1.90, 1.80, and 1.67 cubic centimeters of N/20 sodium 
ethylate required per gram; and the average reducing sugar figures 
were 0.30, 0.28, 0.31, 0.29, and 0.30 per cent. In these samples 
the total bacterial counts averaged 340,000, 15,000,000, 7,800,000, 
2,900,000, and 6,300,000 per gram. 

7. Although an attempt was made to separate edible breaking 
stock eggs into tio portions, one (first grade) to be of higher quality 
than the other (soft grade), a comparison of the results already cited 
for first-grade whole egg with those obtained from experimentally 
prepared soft-grade (Table 11) and commercially prepared soft-grade 
(Table 12) whole egg indicates very strongly that such grading is im- 
practicable with breaking stock eggs. In the four samples of experi- 
mentally prepared soft-grade whole egg, the average ammonia nitro- 
gen figures were 2.3, 2.2, 2.5, and 2.4 milligrams per 100 grams; the 
average acidity of fat figures were 1.82, 1.84, 1.84, and 1.82 cubic 
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centimeters of N/20 sodium ethylate required per gram; the average 
reducing sugar figures were 0.29, 0.28, 0.32, and 0.30 per cent; and the 
average total bacterial count was 3,600,000 per gram, with a maxi- 
mum of 9,300,000 and a minimum of 320,000. In the three samples 
of commercially prepared soft-grade whole egg, two of which were 
prepared in August and one in April, the average ammonia nitrogen 
figures were 2.4, 2.4, and 2.0, milligrams per 100 grams; the average 
acidity of fat figures were 1.84, 1.99, and 1.73 cubic centimeters 
of N/20 sodium ethylate required per gram; the average reducing 
sugar figures were 0.27, 0.33, and 0.32 per cent; and the average 
total bacterial count was 1,600,000 per gram, with a maximum of 
3,800,000 and a minimum of 130,000. 

8. As it is the practice in some breaking plants to have the “‘leak- 
ers’’ broken out by the candlers in the semidarkness of the candling 
room where proper grading is impossible, the products referred to in 
Table 13 were prepared under varying conditions. The results are 
clearly in favor of the leakers opened in the breaking room. 

9. The results in Table 14 were obtained from experimentally 
prepared first-grade yolk of the same genera! quality as the samples 
of whole egg reported in Table 8. In the two samples prepared and 
examined, the average ammonia nitrogen figures were 4.1 and 4.4 
milligrams per 100 grams; the average acidity of fat figures were 
1.81 and 1.80 cubic centimeters of N/20 sodium ethylate required 
per gram; the average reducing sugar figures were 0.20 and 0.18 per 
cent; and the average total bacterial counts were 240,000 and 
280,000 per gram. 

i0. Indistinguishable from the samples just discussed, even though 
showing somewhat higher bacterial counts, were the samples of com- 
mercially prepared first-grade yolk (Table 15). In the four samples 
of the latter product the average ammonia nitrogen contents were 
4.2, 4.2, 4.0, and 4.2 milligrams per 100 grams; the average acidity 
of fat figures were 1.97, 1.85, 1.99, and 1.84 cubic centimeters of 
N/20 sodium ethylate required per gram; the average reducing sugar 
results were 0.20, 0.19, 0.17, and 0.17 per cent; and the average total 
bacterial counts were 5,300,000, 270,000, 3,000,000, and 1,600,000 
per gram. Because only eggs with fairly firm yolks can be separated 
commercially, the proportion of the eggs graded commercially into the 
first-grade yolk in the two samples in which a distribution record was 
kept was decidedly lower than in the case of commercially prepared 
whole egg. This explains why the experimental yolk and com- 
mercial yolk gave analytical results which agreed much more closely 
than in the case of the experimentally and commercially prepared 
whole egg. In the two samples mentioned, 77.0 per cent and 71.0 
per cent of the eggs graded were placed in the samples. 
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11. The commercially prepared first-grade yolk contaiming sugar 
(Table 16) yielded results in close agreement with the unsugared 
yolk of similar grade. 

12. Up to this point the tables have dealt with samples which were 
considered fit for food by the representatives of the Bureau. From 
now on they deal with samples considered inedible or of questionable 
quality. Not all of the eggs which entered the samples described in 
Tables 17 and 18 were inedible. In fact, many edible eggs were used 
in these products, but the proportion of inedible eggs used was large 
enough to warrant considering the resulting mixtures inedible. — 

13. In the samples of experimental second-grade egg reported in 
Table 17, the comparatively high ammonia nitrogen figures of 2.9, 
3.1, and 2.7 milligrams per 100 grams in samples 48, 66, and 72, and the 
very high bacterial counts of 105,500,000 and 33,000,000 per gram in 
samples 66 and 72 should be noted. It is unfortunate that no bacterial 
counts could be made in the case of sample 48, for the reason that it 
was partially melted during transportation from a freezer to the 
laboratory. The amount of melting was not sufficient, however, to 
affect the chemical results. 

14. In the samples of commercial second-grade egg shown in Table 
18, the average figures of 4, 3, 2.6, 4.4, 3.2, and 2.9 milligrams per 100 
grams for ammonia nitrogen; of 1.80, 2.01, 1.72, 2.22, 1.78, and 1.76 
cubic centimeters of N/20 sodium ethylaterequired per gram for acid- 
ity of fat; of 0.25, 0.29, 0.32, 0.27, 0.28, and 0.29 per cent for reducing 
sugar; and of 211,000,000, 1,800,000, 380,000, 178,500,000, 48,000,- 
000, and 17,400,000 bacteria per gram indicate clearly the generally 
unsatisfactory character of the product. 

15. Table 19 shows the results of the examination of a sample of 
experimentally prepared tanners’ grade egg which is undoubtedly 
inedible. In it the average ammonia nitrogen figure was 3 milligrams 
per 100 grams; the average acidity of fat was 1.89 cubic centimeters of 
N/20 sodium ethylate required per gram; the average reducing sugar 
result was 0.25 per cent; indol and skatol, which are indicators of 
marked decomposition, were present; and the average bacterial count 
was 16,300,000 per gram. It should be noted that this sample con- 
tained 6 per cent of the eggs graded. 

16. In strong contrast with the figure of 6 per cent in the experi- 
mental tanners’ egg are the figures of 1 per cent and 2 per cent of eggs 
graded out as tanners’ egg by the manufacturers (Table 20). The 
lower proportion of eggs so graded by the manufacturers is clearly 
reflected in the analytical results of 6.4 and 7.2 milligrams per 100 
grams for ammonia nitrogen, of 2.18 and 2.29 cubic centimeters of 
N/20 sodium ethylate required per gram for acidity of fat, of 0.21 
and 0.21 per cent for reducing sugar, of 198,500,000 and 360,000,000 
per gram for bacterial counts, and by the presence of indol and skatol. 
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17. The question of the propriety of saving and freezing the drip 
from the breaking knives and trays has arisen several times. Giving 
due consideration to the effect upon the analytical figures of the large 
proportion of egg white contained in drip, the results of analysis of 
such material (Table 21) show that it was decomposed to such an 
extent and had such a high bacterial count that it was unquestionably 
unfit for food. The average figures were: For total solids, 20.44 per 
cent; for ether extract, 5.62 per cent; for ammonia nitrogen, 2.6 
milligrams per 100 grams; for acidity of fat, 1.89 cubic centimeters 
of N/20 sodium ethylate required per gram; for reducing sugar, 0.35 
per cent; and for bacterial count, 63,500,000 per gram. The odor was 
strong and sour. 

18. The results so far discussed were obtained on samples which con- 
tained more than one kind of egg, for the reason that they were made 
as commercial frozen egg products would normally be made. The pro- 
portions of the different types of egg which went into each sample 
are shown in Tables 8 to 21. Table 22, however, includes a group 
of samples, each prepared from only one kind of egg, all of which were 
considered inedible. The table is self-explanatory. Unfortunately, 
bacteriological examination could not be made of samples 23, 24, 25, 
27, and 28 because their delivery from a freezer was so delayed that 
they became too much melted for the purpose. They were not 
sufficiently melted, however, to affect the chemical results. 

19. In some small breaking plants not provided with ‘‘sharp”’ 
freezers, with which all breaking plants should be equipped, it is the 
practice to save the liquid egg all day, transporting it to a freezer at 
the close of work. Eggs are too perishable a product to be treated 
in this way, as shown by the fact that when portions of sample 60, 
which showed 2.8 milligrams per 100 grams for ammonia nitrogen, 
1.83 cubic centimeters of N/20 sodium ethylate required per gram for 
acidity of fat, 0.31 per cent for reducing sugar, and 2,800,000 bacteria 
per gram, were held for 23 and 29 hours at 66° F. they showed, 
respectively, 6.7 and 8.2 milligrams per 100 grams for ammonia 
nitrogen, 2.29 and 2.27 cubic centimeters of N/20 sodium ethylate 
required per gram for acidity of fat, 0.02 and 0.00 per cent for reduc- 
ing sugar, and 284,500,000 and 250,000,000 bacteria per gram 
(Table 23). 

20. Tables 8 to 23 clearly indicate that the standard analytical 
methods evolved during this investigation gave concordant results 
in the hands of a number of analysts, and that the results thus ob- 
tained correspond to the quality of the egg product. It becomes 
possible, therefore, to express in some concrete form a composite 
picture of each sample examined. 
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A series of plots (figs. 1, 2, 3, 4, and 5) was made, with the purpose 
of finally grouping into a single expression the information obtained. 


AMMONIA NITROGEN. 


On cross-section paper the amounts of ammonia nitrogen, expressed 
as milligrams per 100 grams of sample on the wet basis, were plotted 
as ordinates against the percentages of ether extract as abscissas. The 
percentages of ether extract as abscissas were chosen not because the 
ether extract is destroyed by bacterial or enzymatic action in direct 
proportion as the ammonia increases, but because the normal amount 
of ammonia was found to be greater in yolk than in whole egg, even 
when prepared from the freshest eggs obtainable. It is also a known 
_ fact that practically all of the ammonia nitrogen occurs in the yolk 
and that there is no appreciable increase of ammonia nitrogen in the 
whites of storage eggs or in decaying liquid whites. Therefore any 
increase in ammonia nitrogen in whole egg is due to decomposition 
of the yolk, of which the white acts practically as a diluent. Because 
the ether extract is the best available measure of the amount of yolk 
present, it was used as the abscissa. Moreover, there is a very great 
tendency at present to make yolky mixtures, which theoretically 
may be judged as to quality, as far as ammonia is concerned, if a 
curve can be drawn, one end of which is determined by the results 
found for white and the other end for yolk, and which will pass at an 
intermediate point through the results for whole egg. 

The increased amounts of yolky mixture now made are largely 
due to the demand at present for much more yolk than white. If 
no preventive steps were taken, white would become a drug on the 
market. Consequently, in making contracts, especially in the pro- 
ducing section, many breakers demand that the bakers shall take 
equivalent amounts of yolk and white. As this would provide the 
bakers with more white than they need if they based orders on their 
requirements for yolk, they overcome the difficulty by ordering what 
white they need and then arranging that the equivalent amount of 
yolk shall be mixed with enough whole egg to give them an amount of 
yolky mixture equal to the necessary amount of yolk. They can not 
entirely substitute yolky mixture for yolk, but they can do so toa 
very large extent, if they are careful not to have so much whole egg 
in the mixture that their baking recipes are upset. Obviously, in 
fillmg one contract, the amount of yolk in the yolky mixtures may be 
high, while in another it may be low, with the possibility of all de- 
grees of intermediate mixtures. The amount of whole egg in the 
mixture has been observed to increase as the season advances. To 
judge such mixtures fairly it has been proposed that the ammonia 
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nitrogen be calculated to a water-free, fat-free, sugar-free basis, 
instead of to the much simpler wet basis. This would be necessary 
except for the fact that the same result is accomplished with much less 
labor by plotting the ammonia nitrogen against the ether extract. 
Such a plot of the results in Tables 1 to 23 is presented in figure 1. 
In it the positions for the results from samples considered edible are 
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Fic. 1.—Ammonigs nitrogen results. 


shown by dots, while crosses have been used for the results from 
inedible samples. In the case of border-line or questionable samples, 
each result has been indicated by a dot with a line drawn through it. 

A line, which separates very well the dots from the crosses, has 
been so located that all of the dots are below it, with the exception of 
two at the extreme left of the chart which represent white and un- 
doubtedly are due to analytical errors. The dots and crosses between 
9.5 and 13 per cent of ether extract represent whole egg. Within 
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these limits the maximum amount of ammonia nitrogen, as indicated 
by the line, varies from 2.45 to 3.16 milligrams per 100 grams. The 
dots between 22 and 24 per cent of ether extract indicate yolk, and 
in these samples the maximum ammonia nitrogen varies from 5 to 
5.4 milligrams per 100 grams. The encircled dct at the intersec- 
tion of 26.65 per cent of ether extract and 2.7 milligrams of ammonia 
nitrogen represents yolk from the freshest eggs obtainable. The 
corresponding dot for whole egg is at the intersection of 10 per cent 
of ether extract and 1.5 milligrams of ammonia nitrogen. The dis- 
tance below the line at which these dots are located is noteworthy. 
The dots in the neighborhood of 18 and 19 per cent of ether extract 
represent sugared yolk, and the cross at the intersection of 5.7 per 
cent ether extract and 2.6 milligrams of ammonia nitrogen represents 
drip. 3 

As almost all of these results were obtained from August eggs 
when eggs are in the poorest condition, there can be no reason to 
believe that the ammonia nitrogen figures for edible material will be 
appreciably above the line at any season of the year. The line is 
applicable for white, whole egg, yolk, or yolky mixtures made from 
fresh or storage eggs. 

To carry such a plot continually around in order to ascertain 
whether the result for ammonia nitrogen of any sample would fall 
above or below the line would be inconvenient. Moreover, some 
form of expression which can be used in forming a composite picture 
of all of the different analytical results is very desirable. The proper 
mathematical expression for the line is evidently what is needed. 
The expression for such a line is 
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Widely separated values for &’, Q’, R’’, and Q’’ were selected from 
the plot as follows: 


ih = 0.5 Q’ =0.0 RR’ =5.0 OP 220 


These values establish the position of the line, whether analytical 
results or not. Then’ 


0.5—5.0 
R— 0.5=9 9990 SEM ig 0.0) 


and the vertical distance of any point from this line, in terms of 
milligrams of ammonia nitrogen per 100 grams of sample, will be 


0.5—5.0 
oe k= Sola 0.0) | 


Solving this equation, it becomes 


DR +0205 @0%5 
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If dealing with a sample of unknown quality, substitute for R in the 
equation the milligrams of ammonia nitrogen per 100 grams of sample 
on the wet basis, and for Q the percentage of ether extract. If on 
solving it, the result is less than zero, the sample contains less ammonia 
nitrogen for the amount of ether extract involved than was found to 
be the maximum amount in the samples examined in this investiga- 
- tion, and may be considered edible as far as ammonia nitrogen is con- 
cerned, although the determinations of other constituents might show 
it to be inedible. Obviously, the magnitude of the figure measures 
the quality of the sample, in respect to this one constituent. If on 
solving, the result is more than zero, the converse interpretation is 
applicable. 


Sra a TES SSESSESEEESESEEEEes 
sod asanentazerestecenestazars 


LTADLATE 


(AF 
Ny Ay 
® © 9 


COW 
\) 
N 


LE} 


ae 
2 
i DiS Samael s) Wised) es eae 
10 Bs (eae Pee MPs 
Ss 6 9 OD 10 W213 (EIS 16 TP 16 19 GOD) C2 23 PELE 26EF 08 2930 

LER. CENT ETHER EXTRACT 


Fia. 2—Acidity of fat results, 


ACIDITY OF THE FAT. 


As has already been pointed out, the acidity of the fat is ie 
slightly higher in yolk than in sivells egg of the same quality, although 
theoretically there should be no difference. It is therefore logical, as - 
in the case of ammonia nitrogen, to plot the acidity of the fat against 
the ether extract, expressing the acidity as the equivalent number of. 
cubic centimeters of N/20 sodium ethylate per gram of fat and the 
ether extract as per cent. The plot will hold for yolky mixtures, as 
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well as for whole egg or yolk, prepared from either fresh eggs or 
storage eggs. 

Such a plot of the results in Tables 1 to 23 is given in figure 2, the 
dots and crosses having the same significance as in the ammonia 
nitrogen plot (fig. 1). A line separating them has been drawn, leaving 
six crosses below the line, and one dot above it. If there were six 
dots above the line and one cross below it, the position of the line 
might with justice be criticised. The fact that there are six crosses 
below the line, however, merely shows that, in those particular 
samples, the decomposition was not of a lipolytic nature, but was of a 
proteolytic or fermentative nature. 3 

The dots and crosses between 9.5 and 13 per cent of ether extract 
represent whole egg. Within those limits the maximum amount of 
acidity of the fat, as indicated by the line, varies from 1.94 to 1.97 
cubic centimeters of N/20 sodium ethylate required per gram. The - 
dots between 22 and 24 per cent of ether extract, representing yolk, 
show a corresponding variation for acidity of the fat from 2.04 to 2.06 
cubic centimeters of the N/20 sodiumethylaterequired per gram. The 
dot at the intersection of 26.65 per cent of ether extract and 1.72 cubic 
centimeters sodium ethylate required stands for yolk from the freshest 
eggs obtainable. The corresponding dot for whole egg lies at the 
intersection of 10 per cent of etherextract and 1.49 cubic centimeters 
required. The distance below the line at which these dots are located 
should be noted. The dots in the neighborhood of 18 and 19 per cent 
of ether extract represent sugared yolk, while the cross at the inter- 
section of 5.7 per cent of ether extract and 1.89 cubic centimeters of 
N/20 sodium ethylate required represents drip. 

Again, widely separated values are selected from the plot: 


Q’ =5.0 S22 190. 67980 SEB 
These may be substituted in the straight-line expression 


ei Zon S”’ ; 
to give 


190 20 
S— 1.90=— 9-50.90 (Q—5.0) 


The vertical distance of any point from this line in terms of cubic 
centimeters N/20 sodium ethylate required per gram of fat will be 


: 1.00.— 2.10 : 


Solving this equation, it becomes 


D’ =S —0.008Q — 1.858 
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If dealing with a sample of unknown quality, the actual values for 
acidity of the fat and ether extract are substituted for S and Q, 
respectively, and the result is interpreted as explained under the 
ammonia nitrogen plot (p. 63). 


REDUCING SUGAR. 


As the reducing sugar is a part of the egg solids not fat, it is 
plotted in figure 3 against: the differences between the total onde 
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and the sums of the ether 
extract, sucrose, and salt, 
all factors being expressed 
as percentage on the wet 
basis. While no determi- 
nations of sucrose and salt 
were made, the amounts al- 
leged to be present by the 
manutacturers were assum- 
ed to be present in those 
samples containing sucrose 
salt. 

As in the other plots, a 
line has been drawn to sep- 
arate the dots and crosses. 
In the case of reducing 
sugar, where decomposition 
is accompanied by a de- 
crease instead of an in- 
crease, all the dots should 


Sa ai 
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poo Ee ee above, except ‘two which 
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Fig. 3—Reducing sugar results. 


line, for which fact an in- 

terpretation analogous - to 
that given under acidityof the fat (p. 64) is advanced, namely, that in 
those particular samples the decomposition was not of a fermentation 
character, but was of a proteolytic or lipolytic nature. 

The majority of the dots and crosses for whole egg he between 
16 and 18.5 per cent of egg solids not fat. Within those limits the mini- 
mum percentages of reducing sugar, as shown by the line, vary from 
0.288 to 0.216. The dots between 20 and 23 per cent of egg solids 
not fat represent yolk. Within these limits the minimum correspond- 


ing amounts of reducing sugar vary from 0.172 to 0.086 per cent. 


The dots for sugared yolk are very close to 20 per cent of egg solids 
153352°—20—Bull. 846——5 
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not fat, and vary between 0.28 and 0.26 per cent of reducing sugar. 
The equation for the line in this case is: 


eR ee oe , 
U- U' =a go (T-P) 
which, on substituting the widely separated values, 
U’ =0.46 1). i028 T”’ = 26.0 
becomes 
0.46 — 
U—0.46= 10.0236. (ET — 10.0) 


The vertical distance of any point from this line in terms of per- 

centage of reducing sugars will be 
0.46 
Dp’ = U-0.40-| 55355 See ae 0) | 
Solving this equation it becomes 
D” = U+0.029 T— 0.748 

If dealing with a sample of unknown quality, substitute the values 
found for reducing sugars and egg solids not fat for U and T, respec- 
tively, and give the converse interpretation to that explained under 
the ammonia nitrogen plot (p. 63). 


COMPOSITE RESULTS. 


In deciding whether or not a frozen egg product is edible and may 
pass freely into commerce, it is only in extreme cases that dependence 
can be placed upon the determination of any one constituent. In 
ordinary cases, all the analytical figures must be considered in their 
relation to one another. If, therefore, the values of D, D’, and D’’ 
(pp. 62, 64, 66) can be grouped into a composite whole, and factors 
can be added for the bacterial content, for the B. colt content, and for 
the presence of indol orskatol, of mold clumps, and of embryos, and if 
the proper relative weights can be found for the different factors, 
a definite, nonvarying basis of interpretation is provided. The 
relative weights must be such as to insure-a final result which will 
be less than zero for each of the samples in Tables 1 to 23 considered 
edible, as well as a proper article of commerce by the experts who 
made them or saw them made, and which will be greater than zero 
for each of the samples made from inedible raw materials according 
to the judgment of these same experts. 

Consequently, a rather lengthy series of trials has been made, 
with the purpose of evolving such a composite expression on what 
is really a bonus and penalty system. It has been impossible to 
devise a formula which would separate absolutely the two classes 
of products. By giving the manufacturer the benefit of the doubt 
in the border-line cases, however, the following formula has been found 
to serve admirably for white, whole egg, yolky mixtures, and unsug- 
ared yolk, prepared from fresh eggs or storage eggs. It applies, of 
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necessity, only to egg material to which no gross addition of foreign 
material has been made and which can be recognized by the fact 
that in white, yolk, whole egg, or yolky mixture, the total nitrogen 
should amount to 12 to 14 per cent of the solids not fat. 
, W x 
10.0D+10.0D’ —25.0D"" + as 000,000 + 500; 500.000 + Y+Z=0 
or 


10.0(R —0.205Q — 0.5) + 10.0(S—0.008Q — 1.858) —25.0 (U+0.029 T 
Ww x 
— 0.748) + V+ 590,000 + 500,000 + ¥ t2=9 
Q=Per cent ether extract, wet basis. 
R=Milhgrams ammonia nitrogen per 100 grams, wet basis. 
S = Acidity of the fat per gram, as cubic centimeters N/20 
sodium ethylate required. 
T= Per cent egg solids not fat, wet basis. 
U=Per cent reducing sugar, as dextrose, wet basis. 
V=5, if indol or skatol present; 0.0, if absent. 
W=Number of bacteria per gram, wet basis, developing on 
plain agar, at 20° C. in 5 days. 
X =Number of confirmed B. colt per gram, wet basis, produc- | 
ing 10 per cent or over of gas in lactose broth, at 37° 
C. in 2 days. 
Y =1 for each mold clump found per 30 pounds af ego material. 
Z=0.5 for each embryo found per 30 pounds of egg material. 
| An explanation of how the values for V; sao Ee ee 
and Z were determined is necessary. 

The value of 5 for V, if indol or skatol was found present, was 
reached by substituting for V different values in the formula until 
the proper value was found. 

The divisor in Tb. to was decided upon by entering on a chart 
(fig. 4), against the number of bacteria present, a dot if the sample 
was considered edible, a cross if it was considered inedible, and a 
dot with a line through it if it was considered of questionable charac- 
ter. It is understood that dividing Wby any divisor and adding the 
result to the formula gives a figure which places a penalty upon the 
presence of any bacteria. This is as it should be, since theoretically 
there should be no bacteria present. Practically, it is impossible, 
unless the aseptic precautions of the bacteriological laboratory 
are employed, to open eggs without introducing bacteria. Such 
aseptic precautions can not be followed in a commercial egg- 
breaking plant. As the magnitude of the divisor determines the 
magnitude of the penalty to be imposed, it should be fairly 
large. It was decided to make the divisor 5,000,000, so that a 
penalty of unity would be placed upon any sample contammg 
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5,000,000 bacteria, with a penalty of more than unity if more than 
5,000,000 bacteria were present and vice versa. In the chart (fig. 4) 
there are 8 dots above the 5,000,000 line and 3 crosses below it. 
The penalty imposed in the case of samples with dots above this line 
is not sufficiently great to cause any of them to have a formula value 
greater than zero. The choice of 5,000,000 is further vindicated 
by the extensive experiences of three members of the Bureau of Chem- 
istry In examiming commercial frozen egg products and by the 
narrated experiences of a bacteriologist in a commercial ege-breaking 
plant who stated that in his opinion no frozen egg product should 
contain more than 5,000,000 bac- 
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pared with approximately equal 
amounts of these two constituents 
in the case of unsugared yolk, this formula must be modified to © 
the following form, based upon the plots: 


Fic. 4.—Total bacterial counts. 


10.0 (R—0.205Q —0.5) +10.0 (S—0.008Q — 1.158) — 25.0 (U+0.029 T 


f W x 
— 0.798) + V+ 59 o00 + 500,000 +Y+Z=0 


500,000 

It is important to see how these formulas actually work out in 
practice. At the bottom of Tables 1 to 23 will be found the formula 
values for the samples, the formula being calculated in each ease for 
the average of the results of the dividual analysts. In Tables 1, 
2, and 3 the formula values are negative, and of a very appreciable 
magnitude. In Table 4 the formula value is small, as would be 
expected in all samples of egg white. In Table 5 all the values are 
negative, and decrease in magnitude with the length of time the eggs 
were held in storage. It will be noted that in the first three formula 
values there are terminal plus signs. These indicate that it probably 
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would have been necessary to make an addition to the formula, if a 
bacteriological examination had been made. This explanation applies 
wherever a terminal plus is found in a formula value. 

- In Table 6 there is a regular progression from a good-sized negative 
value to a positive value as the length of time in storage increases. 
That a positive value was obtained for the yolk from eggs held in 
storage for the longest period of time, while a negative value was 
found for whole egg made from the same raw material, is somewhat 
inconsistent. It might be argued that it is fair because the yolk 
decomposes more readily than the white which is included in the 
whole egg. On the other hand, however, if the yolk is really decom- 
posed, the whole egg containing it should not be considered edible. 
The advisability of proposmg a separate formula for yolk from 
storage eggs in order to obtain a negative value for this yolk was 
considered, but was discarded, because the fewer the formulas the 
better. Moreover, the present 
formula gives negative values for 
the yolk from eggs held in storage 
for 8 months, and presumably 
would give similar results for eggs 
held 10 months, probably the 
longest period for which eggs used 
for making frozen yolk would be 
held. Possibly such raw material 
might be used for whole ege but 
not for yolk. 


Table 7 shows all white from 
storage eges with negative values, 
or with results so slightly above 
zero as to be accounted for by 
analytical errors. Table 8 shows all samples of experimental first- 
erade whole egg with negative values, even with bacterial contents as 
high as 10,500,000 per gram. The uniformity of analytical results, and 
especially of formula values, of these samples prepared from a wide 
variety of raw materials and in three different factories is noteworthy. 
The formula values for the commercial first-grade whole ege are 
given in Table 9. These samples were prepared in the same factories 
and from the same raw materials as the samples in Table 8 with 
which they are entirely comparable. It should be noted that all the 
values are negative, and that the samples were made from August 
egos, the poorest eggs of the year.. 

All the samples of commercial first-grade whole egg containing 
sugar and salt in Table 10 gave negative formula values, even with 
bacterial contents as high as 15,000,000 per gram. All the samples of 


Fig. 5.—B. coli counts. 
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experimental and commercial soft-grade whole egg found in Tables 
11 and 12 show negative formula values. 

As previously pointed out, an attempt was made by the manu- 
facturers who cooperated in this work and by the Bureau repre- 
sentatives to separate edible breaking stock into two portions, one 
designated as first grade to be of higher quality than the other 
designated as soft grade. The formula values for these four groups 
of samples, as given in Tables 8, 9, 11, and 12, show variations 
between the following lmits, —9.24 to —4.11, —7.12 to —3.17, 
—7.33 to —4.17, and —9.88 to —1.44, and indicate very strongly 
that such grading is impossible with breaking stock eggs, as the varia- 
tion within each group was far greater than was the variation be- 
tween the different groups. All samples prepared from leakers as 
given in Table 13 have negative formula values, the one of least 
magnitude being the one prepared under the most unfavorable con- 
ditions. Tables 14, 15, and 16 for yolks show negative formula 
values, with but small range of magnitude. 

This completes the results obtained for samples considered edible 
by the Bureau representatives who made them or saw them made, 
and for which the formula values are less than zero. The questionable 
and inedible samples described in Tables 17 to 23 should show values 
very close to zero or greater than zero if the formula is reliable. 

Table 17 contains the results of analysis of samples of experimental 
second-grade whole egg. All the formula values are positive, except 
that for sample 32 which was a low first rather than a second-grade 
product. The leniency of the formula is shown in Table 18, in which 
two of the samples of commercial second-grade egg have negative 
values, even though one of them contained 17,500,000 bacteria per 
gram. This sample was prepared from April eggs, a fact which helps 
materially in explaining the chemical figures. It probably represents 
a low first rather than a second-grade product. 

Tables 19 and 20 show high positive values. The formula value 
for drip given in Table 21 is an index of the character of this product. 
In Table 22 are collected the results of the examination of samples 
made from different types of eggs considered inedible unmixed with 
other eggs. All have positive formula values. Table 23 shows de- 
composition due to delay in freezing. The progressive change from 
negative to positive values is interesting. The values for samples 
62 and 63 are for badly decomposed material. 


EXAMINATION OF FROZEN EGG PRODUCTS. saya 
SUMMARY OF RESULTS. 


To summarize, the formula separates the samples into edible and 
inedible groups which agree with the classification based upon the 
known quality of the raw materials from which they were made. If 
the formula errs in either direction, it is in the direction of leniency. 

In order to make comparisons easier, the average results for the 
different groups of egg products, with the formula values for such 
averages, have been gathered together in Tables 24 and 25. 


BULLETIN 8&6, U. S. DEPARTMENT OF AGRICULTURE. 


12 


0 
0 


0 
0 
0 


0 
0 
0 


pue 


ce a eee 0 () 00006 000 ‘O8T 
ee Se OOO ae 0 000 ‘OT 000‘00L"7 — | 000 £008 *8 
go'y— | 0098, 10 000 ‘¢ 000 ‘006 “T (000 “009 ‘T 
oe SaOER, i) 000 ‘09 000 OTT, 000 ‘0ze 
Seer) al RQOOPOOT 000 ‘01 000 ‘O81 000 '008"% — | 000 008 6 
19'"9— (000 ‘20 00'S 000 ‘26 000 ‘OS8 (000 “009 ‘8 
ees ROOT 0 000 ‘098 00008 000 ‘Ove 
Ses KONO O00t || 000 ‘098 000°068'¢ — | 000 £000 £41 
00's— — | 000 “022 0) 000 “0G 000 002'% — | 000 ‘00g ‘9 
ae Ba OOF Ove Ome 000'9% (000 O9T 
Sone e000) 09, 000 £092 000 £099 000 “006 °% — | 000 £008 £4 
00°s— | 000 ‘00T 000 ‘06 000 “0Z8 000 ‘009*L | 000 ‘009% 
aes HOOT On 000 “02 (000 ‘08 000 “08T , 
Sessa COOKOOT 000 '00T 000 “099 000 “006° 000009 (01 
O7'9—- | 009 ‘ZT 000 ‘%% 000 “082 (000 ‘008 “T 000 “000 ‘b 
aie" be fe ede ts oe” feet] OOO LT. 00004 
ets ee eee O00 OZ em OODRO0 PEP 
| aoe Somee eee | ume ees Se O) COO mi KOOO OOS E 
ee Sp RT aN 2S Te “150 0 
pea 0 ie fee ae eae BO 0 
Lele. 0 Ge" Nkgena] HORE Bae oir all RO) 0 
: RP *SINOT, Rp 
‘) of ‘AesUlC o28 ‘IBse a3 sed 
"00 "J i Snur}]] i sTonyTy aie omnes é 
TRG = pouLyUuoy | oso ,oK] OSOYOV] 8b O off | O6T "006 | 
eras ” ‘soon poad | ‘saoonpoad ‘1vede uel | ‘ede ure[t |*[07e8 8 
seit ce 1[BALY OY 


"tbs 10d SUrsTUed1G 


“a1qQupa pasapsuod shba fo uoyouvupud fo synsat fo himMmungy—"pZ 


jopuy 


62° 


9€ 
oe 0 
09 log 


*(SISCq 
JOM) 
SO} 
-xXOD 
$e 
iesns 
sul 
-onp 
“OU 


£21 0% 86°ST | £8°6 LS SG. (aie oe eat we renee ly soreness" ONO, 
66°1 VG 69 OT 99 OL SRL betula! ren) aah heh Mat tee see ek LA 
G8 °T. £3 SO OL | Bor OR viPLS Oa liae se i eet ot ee cs ae ET Sy “*"" QdBIOAY 
Sea Ree Hae “=""""""(27 O1@,) 4[@S 10 vsns 
ON “330 O[OUM OpBis-JjJOS elo1OUIULO, (2) 
68° T TZ QB OTs Cor Ole OC Le? Sl tlcte aan see Ros att cae see CONT 
v8 T G'S CON OT NRGGre Lan || cere ccrn| een bps Hidae” Sake toe we at pee . “UI UIEX Gy 
68° 1 63 69°90 1 86°00 | 292g | Ce OSBIOAY 
(IT O1GR,L) “98S 40 ze3ns 
ON ‘S30 O[OUM opBis-jjos jeyuoUTTodx Gy (9) 
L9°T 8°T OTST | 16°6 RLALG le ae ee, ee ee Se ae eee CON TOT Ay 
061 GG LOOT | Sele eee Oger: ae tae es ea eee pe UITLONTX’B Ay 
7 Aa | £°% O8"9T | 68°OT | 48°82 jo = ta Ge ee ee Pe ee “OSBIOA VY 
(OL OGUL) “4[es yUoo aod 2°0 faedns yued 
lod [ ‘S50 O[OYM opvas-ysry PeIOIOWIuLO, (g) 
£73 v8 ‘9 | SPOR | 62°26 | Ae a ag a pe m= CON UUTUT Ay 
8% St 240 | 82 02 Ow See | ees Se Sa eens eM tar) eg ee COUNT TX’B J 
GG OG OTe OG-cke AVG ace, | kdek tite ake > Joris aman acts cae ean OSVIOA VW 
(6 914%) “47es 10 1vsns 
: ON “B80 OOM OpBis-youy YVIOIOWIUUIO: (P) 
6°T Ue ORs CSN OL HGOrZCs iia: ee yobs cei tree es eeecneran i ~" * ULLLULLTUT JA 
V'% Cora OF TL a MO ORG Ziel me cc yones eae ee eae temere mince r eon WINX Bl 
6G pad HL el ie A( oO) Le bok 47 | Viens Soa Parsee are. Ape etait» ODRIOAY 
(8 O[G@L) 4/Bs Jo resns 
ON ‘S80 OFOYM OpvAs-jsay peyoumtodx sy (¢g) 
99°T 9'T GILT | 99°6 BLOG ilies ee, sae es ee ae deep ee COUN UT 
16'T £3 MES Ae OG Let RuGe BG ees ake! eee ae ge sai ee eeu CU UL EX'8 py] 
O8'T 0% [esiraa(ats | Co OTS |G Secs | ieee nematodes atte cie cin coer pig epee Bek OdBIOAY 
(Z o1G@L) ‘“sddo Avy Woy 
poredoid ATYysoiyy “Ado O;OYM [eTOIOUIMIOLD (Zz) 
12" 0'T 8L'9L | T8°6 1S) ail 2 RN eae Re Se bail eat Oe "COM TaT 
CLT 0'% G9 OT tO TT OLeLG | ae siesinsessis: « abe rsiha FOOCMIOCICES yyy q ipod bo] 4y 
6V TT Gg’ bg OT 00 OL PE OG) ae oe Bike eee o> stg ee eee =*s=OS 810A 
“UDB | *SULDLB | J) LO \ "40 ag’ | lag 2(7 o1dey) 
dad *9¢ oOor “OTGvUILIGO sido Ysoly Woq WOAy soloyrasoqge 
Lad “bW uy poledoig “ado ofOYM Ry WoUTIOdx op tp 
POOL] «1 Aq 
‘0718 an ee 
-[Aqyo Hee ‘980.0ns *(sIseq | *(SISeq 
neice a) deaien ees eee *soydures jo sdnoas yo uordrtsose 
VRy JO -onTa snurar | Joyyny | [eqo, 
AMPPYV | gruour | SPHOS 
-ULY [BIOL 


a1 V 


EXAMINATION OF FROZEN EGG PRODUCTS. 


eerie Varies ar || emery (arte 10 

Cy es CO St ~ehawe is 0 
CAS WE | aie | a Ua ge 0 
soca ore Nile Mica | ae OE 000 (0% 

1 000 OT po eC oe ENGEE | RON red we, 000 Ost 
Ces UES CUTTS Ba | | a 000 OFZ 
Ssceaned (Ay 1 ES (000 0r1, 

‘ 000 00T “Io4 AGN EES | Race ___ | 900 00 
61 °EI— | 009 92 ~~~“! 000000 'T 
caco.sooor| al eammeull hd : ee 

i 000 OLZ 
9g"sI— | ogg 0 0 000 “082 
> ine1'96] bb Obie Bee ea ae ee ma 

Seeaens tant |e ec Stes 3. _bonbomeemeie, IE 
99 ‘9E6— ae te FO 
Bees ALU v no? 000 (096 

sc 000 00T 0 000 00T 000 009 
96 °9 000 0S 0 000 &¢ 000 004 T 


ooo 


000 {08% 
000 ‘096 


000 “009 


000 ‘022 , 
000 (008 *¢ 
000 “00s *@ 


000 ‘Ove 
000 ‘08% 
000 “Ove 


ooo 


000 £000 *z 
000 £008 ‘2T 
000 ‘008 *8 


ooo ooo ooo ooo 


ooo 


10° 
(4 
¢0° 


v6 °L1 
G9 ST 
Ge ST 


818s 
69% 
80 °E% 


£0 °&6 
GG 8S 
VL &% 


6h VG 
81 8% 
99 “96 


82°11 
TL GL 
VG GL 


08 “IL 
€8 “OL 
Ge OL 


OF 8h 
90 69 
92°87 


OL Eh 
v8 PP 
61 tPF 


61 '&P 
Gh E&Y 
Te &) 


£6 OF 
06 0S 
69 67 


89 “8S 
O€ 0€ 
85 62 


SUG PRS See lee eae Tae ee ORAM ONDATA HE 
Deacs era roe a aie Gur eoet esta igre hee ested ULL EL ee BAT 
lie eto haabee pence rt sole Wee ee te aCe: 
‘(F O1d@L) 

‘orqeureyqo sss0 Ysoly 4Soq UWOIf Sop1oz 

-eloqery Ulporedo1g ‘oy reymourpiodx if (eT) 
Rida) aisha ae ng ee eh NR GER. wo ahi a0 Any 
pen REE ce brain Maris aed oe ELL UES 
gE 2 Seo ee cade Bee tae os OO Gil OA UE 
(OL 91G@,L) ‘resns 

qti90 10d OT “OA ope13-JsIy [eLoIOUINIOD (ZT) 


ican Ss ee The SR OSS Sy odinhaahgorn nae 
NR ieee eter fale pew eee weeeseees’ “ UINWIxXe 
hae Sane SOT Dea) Si yes = 9 ala aa ea are On COLE 


(GE o[4@1,) 

‘Ie@3NS ON ‘“Y[OA Opeis-4s1y [eforoUuluI0g (TT) 
—PeTELS SCI SIGUE SINT eis orese rare eae rt eRe WN UIOT 
ate ENYA aS caps NS CUBE ieee en OALULLL TSA 
GAP aia eerie hres CCRT OS ees OSCIOAY 
, >(F1 9148,1,) 

‘IesnsON ‘“y[OA opeas-qsry [eymourtiodx yf (OT) 
tears ea ety Em re Foe ee BIA OON NOTH AN 
Mh SR ee re ee RSet on igh anh 424 fap 
lienctacl TOC Aer SRN de Eats ak rE cee OO LOL 
(€ O[4®.L) 

“orqeurejqo ssso0 Ysoif 1s0q UlOay soso} ~ 

-Vloge, Ul porvdolg + ‘“yjoA jequowy1odx (6) 
See at PLL Sy ial oR beta xe set REL LLTULT TN 


ort) 
Wo poredelg ‘ddo ofoyM [eyuUoWMfIodx'"y (g) 


BULLETIN 846, U. S. DEPARTMENT OF AGRICULTURE. 


74 


+1¢°1zt+| 000 ‘000 ‘OT| 000 ‘000 ‘SET | 000 ‘000 ‘FZ 
SeZOGG Late Meee eens eer Se aad Saag ir 
Space cial ee ee pil nme ceedrots = Fl CE ad age hc os 
Vitalin GENBGENe on |ferrus cue ING. c, sors. 5 . 
zee + | 000 ‘OT 0 000 ‘O0T 
Rogers O00 OOONL ine m8. = et 
POLS ET 000 ‘000 ‘or| 000 £000 “€8 | 000 ‘000 §8e 
ea 000 ‘000 ‘0t| 000 ‘000 ‘€8 | 000 ‘000 ‘8% 
16 ‘9¢E+| 000 ‘000 ‘07) 000 ‘000 “E8 | 000 ‘000 “8% 
ian 000‘00E | 000002 —_| 000 ‘000 %@ 
“=-77 =") Q00‘00T — | 000 ‘002 000 ‘000 ‘% 
8Z°TI+ | 000‘00T | 000 ‘00% 000 ‘000 ‘& 
LO agra O08 2 Oe. 000 ‘00T , 
Sag eae 000 ‘000 ‘T | 000 ‘00s 000 ‘000 for 
10 “es |-000‘0Z% | 000 ‘002 000 “00¢ ‘€ 
rol heat 000‘T | 000‘00Z‘% | 000 £006 . 
ea ee) 000 ‘000 ‘E | 000‘008'% | 000 ‘000 ‘8 
¢p'g + |.000‘048 | 000‘00E°% | 000008‘ 
“SInoy SF “sino 
“9 0101888 | “DO oLE ee 
"1100 * g snuryy] snuryy] 
“anyeA PeULIyUO) | 80408] 2 S0J0BT 
B[NULIO yy sssonpoid | ‘srsonposd 
TRILV ploy 


000 “000 ‘028 


000 “006 
000 ‘00S “0% 


000 ‘000 ‘Tor 
000 ‘000 (T1@ 
000 ‘000 “9ST 


000 ‘000 “Fr 
000 ‘000 ‘r 
000 “000 “ 


000 £008 , 
000 £000 ‘s¢ 
000 “OOP “FI 


000 ‘008 ‘€ 
000 £000 ‘es 
000 “006 “0z 


“soy 


Sb “O ol 
‘1888 UlS[q 


“UeIs 10d SUISTUBSIO 


000 ‘000 ‘268 


000 “00S ‘F 
000 “00¢ “e9 


000 ‘00S ‘861 
000 ‘000 ‘098 
000 ‘008 “622 


000 ‘008 “OT 
000 ‘008 ‘91 
000 ‘00 ‘9T 


000 ‘088 
000 £000 (112 
000 “00S “92 


000 ‘O01 (F 
000 ‘00s “£0 
000 ‘00S “Lb 


‘sinoq 


OZL ‘*O 00% 
“1838 UIv[d 


ooo 


ooo 


*107 BS 


pue 
jopul 


61° 61% GP GZ, Ver OuOle || kGLiLc alien “""""(@Z O[GBI,) NOs O10M OIA S330 
MoJj poredeig + *s50 9foOyUM [eJUeTATIEdx |] (OT) 
5S ° ST % i GOP OME a ROP RITE GSR cee cist ai rere ea hee ee (ZZ P1ABL) (S}OI 
pox) perppe Ajyemied e19m YoryM sss0 
Moly porvdelg °3950 O[OUM TeJUeUITIOdx | (6) 
66° 10 °% T’€ YASH St OE VAG [ens (Z% PfG@BL) (SJO1 OUTT-1eps0q) 
syfok poyeisejurstp A]JYUSTIS YIM sss0 
Wo1y poredoig 9°30 OFOUM [eJuUOUITIEdx | (g) 
6G. PLO «1 SPS G0°LT | €8°OL | 98°26 |" ~~ (2B 9IGBI,) SHTOA Yon4s ATI YSI[s Y4IM Ssse 
Wo poredelg “330 efoys TeyuoMedx | (2) 
UG: 18° 0% €S°9T | S9'OL | 8T°L46 | °°" (2B 9TABL) sToys Apfour YIM Sse poxov10 
moj poredeig °339 OfOy4M TeJUeWTIEdx | (9) 
cg" 68 °T 9°% BFL. | 29'S PROG. se ee Gad ea el le (1Z 
WB) es 1O wsns ON “dtp [ero19wMIWIOD (¢) 
TZ ° SI'S r°9 OG OMe OGL ORO O GE tare Guu tee haloes a ea ee ene UINUITUT, 
1G * 66'S GL €8 “OT €¢ OL 98°16, lea A te a Stace? th UINUITX By 
16° BG 8°9 TeOTe ES Sh Ole IG OnCer =e tien a eee r neers ss Sik | OSBIOA WY 
(0% 81GB) [Vs Jo 1esNs 
ON ‘380 O[O[M OPBIF ,SIOUULY TCIOIOUIUIOD (Ff) 
GG ° 68 °T 0's GGRSTE IE POROTE | OSHLZE li serge ie aimee tc marco 2 UINU TUT 
GS ° 68° 0's S6EOE MishOr OM |k6S UC li sree stay Fs cee Sante be UWINUITxeVyl 
GG" 68 °T 0's GORGE AEP Ou Oil O Si LCi liese=: pie et ie aol ole oa nets aes OSBIOA VY 
7(6L PAB) Wes Io resNs 0 
°339 ejoum epes SIOUUEY SMITE ERE TEMS) 
GS" 6L°T 9°% COROME ESOT ate leeGe Wer." oi on Gee, oe ee se coemennes WnUltUry, 
GE" GGG vy LOW a PeC lee MGV AG Ge: lle: creed Gt cage ower 0 sige nena TANULXLC 
83° 88 “1 Las, POROES IE PPALES | {SS 8G. l= aiekeusretci hice wasn rh ape taaieiae ante TOSRIOAW 
(ST O1qey) 918s 10 Ie3Ns 
ON ‘339 O[OUM OPBIS-PUOOSS [VIOIOWIMIOD (Z) 
08° 68 “T GS TT°OT | 64°6 ROMO Bae ee 8S BT ae © ae ae WnUlIUty, 
Les {6 “T T'é SULT le COREE ESAS Gr les pene» tees ouety im net ae Une 
Té°0 | 06'T L°% OO SZ TEL Oa Glee Gis | ee aera a ene creer ee ae eine ISBIOA VW 
quad | “ULDIB | *SULDLB |"2UWddLAT|"JU20L9q |" JWI (LT O[G BL) Wes Io 1e3ns 
lag | dad °99 00f ee ON ‘d30 O[OA Opvis-puodes [eqUeMTIEdx | (T) 
“(stseq poyjour| “Sise4 
qo) ; mor ey) 
esory | O88 | -erqry | APS 
-XOp ee < (stseq Geue a oe 
uant : SOJONS] 4M 40M ; : 
es oz/N Se 1) ‘voeayxeljowsyxo| Sprfos seydures jo sdnois yo uordri0seq 
-onp APPPV | ermour | SHU 
-OY -ULV SpT[os 
p T?IO.L 


‘a1qupaur pasaprsuod shba fo uoyvurupxa fo synsas fo hupuwwng— GZ B1AV], 


EXAMINATION OF FROZEN EGG PRODUCTS. 


er STIt 
£0 961+ 


fee OG iat 
+8T ‘€ZI+ 


6h 1OT+ 


| 


000 ‘000 ‘t | 000 oot ‘IT | 000 “008 “OFT | 000 ‘000 ‘8e% | 000 £000 ‘082 


000 “000 ‘OT 


000 “000 ‘OT 


000 “000 ‘ZT | 000 ‘000 ‘0sz | 000 ‘00 ‘e6z | 000 ‘008 ‘F8z 


000 ‘000 ‘or | 000 ‘000 ‘Se | 000 ‘00S “ETz | 000 ‘000 ‘g8z 


00° 


G0" 


6'8 


92 91 
68 “OT 


96 °LT 
96 °9T 


66 LT. 


8é IT 


Q4 TT 


et'tl 
88 TT 


G0 “OT 


ee ee a 


pe PER cy Fates MEM RED Sree. "7" (88 O1dRL) "WT 99 
4@ SINOY $6% IOJ SUTPTOY 109Je TOZOOTF UL AN 
“380 E]OUM Suysodtoosp yeyuourpiodx iT (ST) 

alee Gan oan Gai Lambs een (ECLA eee 

099 LASINOY Ez IOJ SUTP[OY 109}v 10Z90I1] UT INT 
“dda G[OyM uTsoduroovep jeyuoultsedxT (FT) 

Rane (2% OLG'AT,) SHTOA Yonys ATTA voy YP Soda 
wo poredes,¢ “sdo opoyM [eyMoUTTodx | (ET) 

1 RRS Co he Orne meres = 8(7¢, OLA Bg) (Sdn 
Q1IYM) peTppe AToPoTAUIND BIOM Yor ssd0 
Wor poredorg ‘sA0 opoyA [RyuSMMTIedx |] (ZT) 

Re Bihepae eae (2% STABL,) SOVIUM UO0IS YATM S950 
ulorf porvdorg “390 Ofol.M [eyUCMITIedx | (TT) 


76 BULLETIN 846, U. S. DEPARTMENT OF AGRICULTURE. 


The results presented in Tables 24 and 25 are summarized even more 


briefly in Table 26. 


TaBLE 26.—Limits of variation found. 


Freshest 
obtainable. 
Opened 
aseptically. 
June and 
July eggs. 


Determination. 


Total solids (per cent)....- 25.96 to 27.19 
Ether extract (per cent).-| 9.31 to 11.01 
Total solids minus ether 

extract, sucrose, and 

Salty (per-cent) 2a. sos 16.18 to 16.65 
Ammonia nitrogen (mg. 


per 100 grams) e222 -2-2- - 10 to e250. 
Acidity of fat (ec. N/20 

sodium ethylate ‘per 

OTATM ees eee rs Be US SAL coy 17 
Reducing sugar (per cent).| 0.29 to 0.36 
Bacteria, 20° C., 5 days.-.| 0.0 to 0.0 
Acid producers, 37° C., 

ALO BYSe Seabee esa cise csi |ewieee ce ciet omelets 
Alkali producers, 37° C., 

BV Shs ae sere Seance oe srlle ahaa si eeeareeeeemlss 
EB COM Olice © na GayiSserecas 0505 to On0e |e: 
Determination. 


Totalisolids:qperscent) yee aac eee. 
Hitherjextract (Dereon haa. -c6 cae eee coe - 
Total solids minus ether extract, sucrose, 

andssaltn@persCent) hemes ee as eemes cee aera 


27. 88 to 29. 34 
10. 52 to 10. 88 


17.36 to 18. 46 


46.93 to 50.90 
24.49 to 28. 78 


22.44 to 24.01 


Whole egg. 
Held in cold 
Storage from 4 ee aA 
to He TODS: Considered edible. 
ase Stical ee 
ee pt _ eae commercially. 
SRiGEEs: August eggs. 


15.98 to 18.19 


Breaking 
stock. 


Considered inedible. 


Opened 


commercially. 


August eggs. 


26. 6 
7 


6. 68 
9.79 to 12.44 


16.11 to 17.26 


39.43 to 43. 87 
19. 24 to 22. 74 


29.19 to 21.13 


PROD) B47 1362 toni2ns 2.2 tomt238 
1.50 to 1.83 1.59 to 1.99 1.72 to 6.61 
0.31 to 0.41 OF27 to 0533 0.00 to 0.31 
0.0 to 0.0 | 70,000 to 15,000,000 |380,000 to 397,000, 000 
Pe ene 0.0 to 850,000 |100,000 to 280,000,000 
eee ee 0.0 to 260,000 0.0 to 135,000, 000 
Os SME 1 100 to 1,000,000 | 1,000 to 10,000,000 
Yolk. 
Held in eold 
Freshest Regular 
obtainable. Pe Oe breaking stock. 
Opened Ononcdaes Considered edible. 
aseptically. Ben Le Al Opened 
June and riled commercially. 
July eggs. May eggs. August eggs. 


43.10 to 44. 84 
22.18 to 23.69 


20.16 to 21.15 


to 29. 45 


Ammonia nitrogen (mg. per 100 grams)..--- PRG) UGTA) 1 
Acidity offat (cc. N/20 sodium ethylate per 
OTITIS ee eee ara ec bicieigia'e apes a awe 1.44 to 1.96 
Reducing sugar (per cent)...:...-.---.---.- 0.08 to 0.20 
ibhyosnby, AN Os DCE Ws See esoncodeusnSospes 0.0 to 0.0 
ACIGSOLOGUCEES oN Cs, 2LlAYSa-s0c ceo nen ee 
Alkali producers, 37° é., DGEWSsssooosceucee Wot eerie tee Sieremmtcletee ll maretajaerneiercistercme ae 
BACOM Sica Oe Pala iStr- matascces sei cee cee ce | io vail a Leena ee ee 
Sugared yolk. 
. Regular 
reaking stock. 
Determination. Considerad 
edible. 
Opened 
commercially. 
August eggs. 
Total solids\(per cent). ---s.c0.secn-0-6- = | 48.46 to 49. 06 
Ether extract (per cent)............-..-.-.- 17. 94 to 18.65 


Total solids minus ether extract, sucrose, 

and salt (percent). a-- = 23s eee eeems 
Ammonia nitrogen (mg. per 100 grams)..--. 
Acidity of fat (ec. N/20 sodium ethylate per 

STAM) Ses eee cemgen Beko eo eee oars 
Reducing sugar (per cent).....-....-------- 
IBACTeLIAZOUC OIC AVS acer e eee ee EE eeeeeee 
ACIGproducers. Sis. 2 Gays. see aeeeeee 
Alkali producers, 37° C., 2days......------- 
IBS COlisiad Cy. GAYS.c: Sees ee ere ee eeee 


20. 32 to 20. 52 
3.1 to 3.7 


1.04 to 1.19 
0.26 to 0.28 


220,000 to 950,000 


i 


3.8 to 6.4 4.0 to 4.4 
1.53 to 1.82 1.80 te 1.99 
0.18 to 0.29 0.17 to 0.20 
0.0 to 87,000 240,000 to 5,300,000 
0.0 to 0.0 
0.0 to 0.0 
0.0 to 0.0 100 to 100,000 
White. 
Held in cold 
Bcc storage from 4 
Opened : to 13 months, 
aseptically. Opened 
Tune and aseptically. 
Paleiocns Apriland 
¥ ©88s. ay eggs. 
11.80 to 12.83 13.96 to 15. 54 
0.01 to 0.12 0.03 to 0.07 
11.79 to 12.71 13.92 to 15. 51 
O50R topes 0.4 to 0.8 
wee 0.31 to 0.46| 0.37 to 0.55 
0.0 to 0.0 0.0 to 110,000 


0.0 to 0.0 
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METHODS OF EXAMINATION OF SAMPLES. 


METHODS TESTED. 


In the course of the preliminary preparation and examination of 
samples in the laboratories numerous questions arose concerning the 
details of the analytical methods. During the examination of sam- 
ples prepared in egg-breaking plants, and subsequently, experiments 
were performed to settle these questions, a short discussion of which 
would seem proper at this place, to save the time of chemists who, not 
knowing that such experiments had already been made, might again 
cover the same ground. 


User or SAND IN THE DETERMINATION OF ToTAL SOLIDS. 


One of the analysts who tried this procedure in his preliminary work 
reported that he considered the use of sand an improvement, in that 
the drying period was generally shortened, the final results being the 
same with sand and without, in the case of whole egg. With yolk, 
the results were invariably found to be higher when no sand was used, 
presumably due to incomplete drying. With white, the results were 
reported asinconclusive. It was noted that due to other demands on 
the suction pump, the average vacuum was only 22 inches, which is 
believed to be the explanation for the difficulty with yolk. 


TABLE 27.—Percentage of total solids obtained when sample is dried with and without sand. 


Whole egg. 
Dried. with 10 Dried without 
Sample No. grams sand in sand in 3-inch 
3-inch lead dish. lead dish. 
A. B. A. B. 
Per cent. | Per cent. | Per cent. | Per cent. 
SO Dee ere ee erry Set a se aerate Grate Sava te nay ahatal ey Nspacehn} steele apeiwiae eit elatarate 26. 98 26. 86 27.00 27.01 
OSs Se Sue COS EE COO BORO GSC COE Ie ES CIA Cen rey tenet es yes 26. 04 26. 14 26. 12 26. 26 
SAI Se Rae es os Se EA sO OT eee A eee ms RE oe ad 26. 27 26. 12 26. 35 26. 39 
eR ieee Ie ea fare age ass nya ose tarh Saag fo ajeun evajeieys erase tele wieic sidverers o7e atarere 26. 61 26. 75 26. 80 26. 78 
GIT ACS EE eM peak S EIR Be pp ope eer eg al em Se ee eae aE en RE ee ar a 26. 52 26. 45 26. 56 26. 56 
Average... -.-----. +--+ - 22 ee ene nee eee enn eee eee ee 26.47 26.58 
Yolk. White. 
Dried with 5-10 Dried without Dried with 5-10 Dried without 
Sample No. grams sand in sand in 3-inch grams sand in sand in 3-inch 
38-inch lead dish. lead dish. 3-inch lead dish. lead dish. 
A B A B A. B A B 


LS | | SRS | | | | | 


Per cent.| Per cent.| Per cent. Per cent. Per cent. | Per cent. | Per cent.| Per cent. 


GUNG sondéadbecuaanToes 50. 49 50. 46 50. 78 50. 76 12. 78 12. 93 12. 78 Lost 
(UNIS. Sacceebacoucoceus 50. 82 50. 90 50. 99 50. 91 12.35 12. 29 12. 36 12. 36 
HATO) cob obooSeE Bb eKoOde 50. 52 50. 58 50. 79 50. 79 12. 79 12. 85 12. 82 12. 83 
GUE) soooécoudesousene 50. 13 49. 90 50. 51 50. 42 12. 04 12. 04 12. 26 12.22 — 


Aid Sl iecieia eye rake rey arate 50. 51 50. 45 50. 81 §1. 03 12. 56 | 12. 53 12. 83 12. 85 
Average....---- 50.48 50.78 2852 12.60 
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In the opinion of the chemists who finally passed upon the methods, 
the slight differences in results do not warrant the extra labor con- 
nected with the use of sand. : 


AMOUNT OF SAMPLE TO BE USED FOR TOTAL SOLIDS DETERMINATION. 


The reason for investigating this matter was connected primarily 
with the determinations of ether extract and of acidity of the fat 
which it was considered might be made more accurate by using larger 
amounts of sample. The question then arose as to whether these 
larger amounts of sample could be completely dried to give correct 
total solids. The results obtained are given in Table 28. 


TABLE 28.—Percentage of total solids obtained with varying amounts of sample. 


Using 2.54 grams. | Using 5.0+ grams. 
Sample 
No. 


| 
| 
Initial of analyst. 
| AS | B. A. Be 
| 


Ea cent. | Per cent. | Per cent. | Per cent. 
27 7 63 7.68 


[Bl eles hn cee ae Woe AE SNCS © 5 Ree ABU, bea OME Oe 5 27.68 7 me 
ee Ee EES Fh PE See eee fie 27.71 27.13 27.12 
APL A De ar Sapa Rt an ae gine Shae ta Eom lait eeeespened OAS © | “2732. 27.17 27.16 271A 
Ese BN SF Ni AN aa at os Or oe Re [xaes 26273 30.04 26. 86 28.10 
SESE EE ee aie eT ge A PRS Bip 27.50 27.32 27. 42 
ie. Peete. ae. SIC Pe ee 29. 58 29.77 29. 60 29.61 
Dees oe 2 URES 2 SIEIUEE, doaehe Ys gees OSE SS [+ BLT 30. 34 29.75 29. 83 
A eal Bs a nats OF MRE RRR ee eee | 29.06 28. 86 28. 92 28. 88 
Nite aye Sauce eee FS SS 2 eek oe oe are ea A | 29.09 28. 69 28.45 28.7 
WS ec Boeke ee ett he Ad oe eee Ae | . 29.97] 30.41 29. 90 30. 02 
(ee Sa Sages 30. 36 29. 92 29. 83 29.99 
Fe a peer 30. 66 30. 69 30. 84 
\E i Sees eee eee see PN Sta 30. 32 30.35 30. 44 30. 33 
Ses aL Ya eae: cae SEs 29. 46 29.51 28.55 29. 94 
Hy eg eee ee ee eee | 29.24 29. 38 28.75 22. 82 
Ay) igen See eaee ees Seee ener aor Sonne mae eee es a peat ae 29. 23 29. 06 28. 99 
He Set) a. Ei tloe Bale: | Seats ee 28. 53 28. 23 28. 41 28.31 
Bite tose Innes peat ood Sse: Sane eacee te | 29.00 28.81 28. 44 28. 65 
"Dia ae il NESS SE ee ee were ee i ees 21. 22 21.05 20. 88 20. 84 
og || HD ssoscss25e sae e sess eeeeesee ae seq 2 Sees Een Soa 19. 58 19. 47 19. 61 19.44 
SN ee ee a eee ee. eee ee ee | 20555 20. 40 20.01 20.37 
| Ss aed Speke a Ai Be lee enn SO Pale Ba ae aa pee ea oes [eee tke ay, 21.79 21.55 21.63 
| 
COS one ee ee ees eee ee | 27.58 27.31 


There is not much difference in the results obtamed by the two 
methods, but what little difference there is indicates the desirability 
of using the larger amount, as it gives more uniform results, pre- 
sumably due to decrease in the percentage error. 
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DETERMINATION OF ETHER EXTRACT FROM THE Sotips DrRiepD WITH AND 
WirHout SAND. 


The analyst who proposed the use of sand in the determination of 
solids noted that sand had no effect on the amount of ether extract 
obtained from whole egg or yolk, and did not seem to accelerate the 
extraction. The figures which he obtained are given in Table 29. 


TABLE 29.—Percentage of ether extract obtained when sample is dried with and without 


sand. 
From solids From solids From solids From solids 
with sand. without sand. with sand. without sand. 
Sample No. —_—_————— |__| Sample No. 
A, B. A. Leena] AY B. A. B. 
Per JCHy Per Per Per Per Per Per 
Whole egg: cent. cent. cent. cent. | Yolk: cent. cent. cent. cent. 
SO (Zio csceesee 2 10. 24 10. 13 10. 23 19.15 Ts hy eer ee 28.81 28.89 | 28.70 28. 71 
= USS ree 9.32 9. 42 9. 38 9.39 BAY Berra ns 28.12 | 28.27% 28.07 28. 07 
2 i a ae 9.97 9. 64 9.68 9.71 ee Uo aoe 21.37} 27.51) 27.48 27.29 
= Vi ereeaaee 9.97 10.03 | 10.04 10.07 AARO Das Ptocise 27.20 | 27.12) Lost 27.06 
MAT Ose 2) tse ciee 9.95 9.90 9. 93 9.99 ABA ot ont tori 21.36 | 27.43 27.35 27.57 
Average... 9.86 9. 85 Average ... 27.81 27.81 


Errecr veon EtaHer Extract DETERMINATION OF THE AMOUNT OF SAMPLE USED 
For Tota SoLips DETERMINATION. 


The difference is so small as to show that either amount may be 
used, with a slight preference for the larger amount because of greater 
uniformity (Table 30). 


TABLE 30.—Percentage of ether extract obtained with varying amounts of the sample. 


Using 2.54 grams. | Using 5.04 grams. 
8 auaple Tnitial of analyst. 
A, B. A. B. 
Per cent.| Per cent.| Per cent.| Per cent. 
1B SS as eet Be SP ar 7 LUMO (oe ME es MER Ra PPO, eee RMN Be eet 10. 64 10.7 10.72 10.70 
ID) 5 ha ee es Si oor se a Mie nal nar me ee ae SO ete 10.54 10. 46 10. 46 LOSS 
HUGS | Sas pei cnet eg ee rtm 28 rh a a th Naa eee ee ee 8 ad 10.51 10.30 10.52 10.41 
Aa ag peg SO eke ea ah ee hg ee eS De ty lh 10.31 10.13 10. 44 10.17 
Sea ar ee es 10. 60 10. 70 10.52 10. 46 
J ee ae i co atc atl ei Cate eon a a 11.16 11.18 ua bea bs Ibe, 
18 [ee ee aes ee A ee aa ne ee oe Spe eae 11.56 12.78 11.58 11.46 
TEL SS eye oe A cei ee mae RG MMe Sg ener PEN aeRO Sard ea eee 10.88 10.64 9.89 10.81 
Sine See ee a 2s SENS Da SO Bn Siete Ngee ren ge eens Pee 41.33 tess 11.14 11.18 
SS) eee ie REL i See Sena ey ln ee Nee a 12.36 12.44 12. 47 12.45 
Fi |} Broce Ss So Sasi AAA Se cae P eee are EEE eee 132 12.65 12.85 12. 84 
exert Nise ete ennen eee es Lins he pe ee Le OS Sh 13.00 12.60 12.63 12.82 
LS eesti oe teat hac LR CRN eo Pe 11.63 11.97 12.90 1A 
SD) oS oe ERI es eran IR NR A Nace Meee scl se, Oe Tale 7A le 7pl RTS 11.54 
3 Ty aera a hk aie eee aC STRNE Ry a rs aM aR cer api eC f9e 57 11.50 11.50 TSA, 
FE a Ge bates Scie ees OK wa eee PE cn 11.34 11.55 11.46 11. 42 
Sa ape eae ps hers re ald Nd, I Mee RT Ee yc LL TEI, 11. 42 12.41 32, 
1D Se co ce oe Eee A CT ei rr IN 6.07 5.83 5.84 5.67 
THEVA TB LS Ses BSE aren aay eg ants my SS atl try ah oe ey era ea a 5.59 5.59 5.59 5.42 
SIS eres rp eae ee eeeerete MPP Saeco ee 5.94 5.91 5.90 5.88 
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KnorRR APPARATUS VS. JOHNSON APPARATUS FOR ETHER EXTRACT DETERMINATION. 


As many food laboratories are equipped with the Johnson appa- 
ratus but not with the Knorr apparatus, which has almost invariably 
been recommended for egg work, a comparison of results using the 
two was made, extracting in all cases for 3 hours. 


TABLE 31.—Percentage of ether extract obtained by using Knorr apparatus and Johnson 


apparatus. 
Knorr. Johnson. 
Sample an ; | “ : ‘ 
No: Initial of analyst. Using Using Using Using 
2.54 5.04 25+ 5.04 
grams. | grams, | grams. | grams. 
Per cent. | Per cent. | Per cent. | Per cené. 
[Biscay een Ha ec arta le easel Doar ae oa 10. 64 10.72 10.74 10. 70 
Dawe Gn SU eels Tierra Oley Ua em RE EE Base! TY IS 10.54 10. 46 10.46 10.51 
1G) Ueeeeton cee oS oe iS Lauper Oh aes core a B 10.51 10.52 10.30 1088 
Ee ee ek Ne eee ee ns, tae on ee 10.31 10. 44 10.13 10.17 
Ga vielen: dee ae ee eet eke oa eT 10.60 10.52 10.70 10.46 
[2 aS er 8 5 tigate ae elprer ien a es oak ls er el Sean 11.16 11.15 11.18 11.22 
Spi Dee were! oe ee Se cee es 11.56 11.58 12.78 11. 46 
olga tae ee Meo elew Samy ela Te cL igh baer aN we Ey “nhs 10.88 9.89 10. 64 10.81 
Sai hdd ile Pst te iN a aie ae NN Nae: OO Sls 11.33 11.14 11.33 11.18 
Doe hee ak eh ean a ee Pie aie 12.36 12. 47 12.44 12.45 
[DGS VEE eed RINE Cail ah tle INN (elation tS 13.12 12. 85 12. 65 12.84 
1s hye (La Rechehet eho eeel, Soinnore tye ohn Cnte mn uated isan fn 13.00 12.63 12.60 12.82 
SES, Wipe Aa 8, ie a Lai Ae ee PRI Rey ot 11.63 12.90 11.97 12.11 
Dea” ROD eh PREY ae RRA MIA Saya aiid. Pe 11.76 11.75 11.71 11.54 
eee ee ee ihe et alae Sap Mies A Wah tate nb reyes cd 11.57 11.50 11.50 11.47 
Sask... pecunale ase omeped: Rete fuel 3 11.34 11. 46 11.55 11.42 
GPapee er epee ehh in pe ln ee ete ty tee poy eae 11.57 12.41 11.42 11.32 
TOSS ea aR Me ICN si ere M MN CE Uti chet: Bota Ge 2 Ve 6.07 5.84 5.83 5.67 
TSG EL eee ceo at. Tere ly Pee ree iee Vy E eee 8 5.59 5.59 5.59 5.42 
IRR Re RO Nt SCR AIH ete RAI SE abi a hc 5.94 5.90 5.91 5.88 
IASVIGT AL Ca. ece eo cia aie wie ove Sale aie eee etelere eieie a etorasietelate 10.57 10.53 


It is evident that the Johnson apparatus may be substituted for 
the Knorr apparatus, although the Knorr should always be used if 
possible. 


Errect of TIME OF EXTRACTION UPON THE ETHER ExtTRACT DETERMINATION. 


Nothing is gained by prolonging the extraction for more than 3 
hours, as is shown by the results given in Table 32. 


TABLE 32.—Percentage of ether extract obtained during varying periods of extraction. 


pare Extracted | Extracted 
Vo. 


3 hours. 16 hours. 
Per cent. Per cent. 
10. 24 a 40 
10.13 5774 
3972 10.23 10.32 
10.15 10. 22 


10.19 | 10. 29 
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DETERMINATION oF Acrpiry oF FAT FROM THE SOLIDS DRIED WITH AND WITHOUT 
SAND. 


Obviously the acidity of the fat is not affected by the presence or 
absence of sand (Table 33). 


TaBLE 33.— Acidity of fat obtained when sample is dried with and without sand. 


From solids From solids 
with sand. without sand. 
Sample No. 
= A. B. A, 1834 
| 
Comal Cc: Ol Ss OC. 
N/£0 N/20 N/20 N/20 
sodium | sodium | sodium | sodium 
ethylate | ethylate | ethylate | ethylate 
Whole egg: per gram.| per gram.| per gram.) per gram. 
Sng 386s 56 Gada SSUES Ga See ae a ees eo boncoasencHc 1.36 1.54 1.36 1.50 
SVR S Ben SS BERS a6 GE Oe Ue ees eee ee CoN AGE nUCc 132 1.22 1.26 1.30 
BO (A eee ete ea ft a ccs Seer eee meme ee 1.43 1.40 1.36 1.38 
OLDS 5, SA ee es a er Seer dette oe eet 1.29 1.26 1.38 1S 
AYU 3 Aes Bo ASS Ae CUE nee So SOME Gn CBC SOCAOrESS 1,52 1.46 1.59 1.59 
|G eais e  e eee 1.38 1.41 
Yolk: 
METI Se: ES Oe ae RSE eo 5 Ps SE I RTT I I Aad. 1.81 Let 1.83 
LMA ah 2 ea BREE S Sco a ASMA EMO SAR SCR RNCUaSeTS ei 1.73 1.74 1.79 
VG) 2. 8s Se Sa SERRE EEE Tees OO SEAS RSE DESO tere et 1.66 1.68 ileal 1.70 
Rp EIN sto hia cic SEO Aen Saroie Sainte obs Seis shee 1.69 1.62 Lost 1.80 
AAS A Rae cee pte Et SEP Bp ek SE Ns SY eS ee arm eyevereiere aha teten a ere 1.55 1.53 1.65 1.64 
AMNION S65 = ogc genase ches aa ce Jo cu ee eepanee Soaadasoc0005 1.68 1.73 


EFFECT UPON ACIDITY OF THE Fat DETERMINATION OF AMOUNT OF SAMPLE USED. 
The results are in favor of the larger amount, as shown by Table 34. 


TABLE 34.— Acidity of fat obtained with varying amounts of sample. 


Using 2.54 grams. | Using 5.04 grams. 
No Initial of analyst. 


Cc. N/20| Cc. N/20| Cc. N/20| Cc. N/20 
sodium | sodium | sodium | sodium 
ethylate | ethylate | ethylate | ethylate 
per gram. | per gram. | per gram.| per gram. 
2.09 2.21 ELS : 


Bi saoooao boo veS On Spe SS See GSu oo deaecauooouEbSiaodaanse 2 2. 22 
D 2. 08 2. 09 
16 4} E : 2. 08 1.91 
2. 33 2.19 

2.17 2.11 

1.69 1.67 

1.80 1.89 

2.19 1.78 

1.95 iy 

2.27 1. 88 

1.50 1.52 

2. 09 1.65 

1. 69 1.74 

2. 21 1.93 

1.51 1.52 

2. 05 1.70 

1.67 1. 63 

3. 34 2. 47 

2. 71 1,90 

1. 94 1.81 

1. 98 
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EFFECT UPON THE ACIDITY OF THE Fat DETERMINATION OF USING THE KNORR OR 
JOHNSON APPARATUS. 


Table 35 shows the effect upon the acidity of the fat determination 
of using the Knorr apparatus and Johnson apparatus. 


TaBLE 35.— Acidity of fat obtained by using the Knorr apparatus or Johnson apperatus. 


Knorr. Johnson. 


Initial of analyst. Using Using Using Using 


2.54 5.04 2. 54- 5.04 
grams. grams. erams. grams. 


——— a 


Cc. N/20| Cc. N/20| Cc. N/20| Cc. N20 

sodium | sodium | sodium | sodium 

ethylate | ethylate | ethylate | etl ylate 

per gram. | per gram. | per gram. | per gram. 
. 09 2.15 2. 21 


18s So onde “sO nceo seus ae snauar Cap ocosseSeaa Sea sA8 Ss 2. 22 

ID SS Sse des 35 6b S5aaSse 555 sobade aoe donde daddobGdgae 2. 95 2.18 2.13 2.09 

ALG xfeee cere sateen hae arn see ents ocala aeals aaeemcte melmarete cise 2.39 2. 08 1,91 1.91 
138 Sabon bo Seno asern so soeere Soe eoaoaccosuEDdopoues 2.61 2.33 2. 48 2.19 

SaeSSS0bdes 555555 5 shoal Ses Sasso paSDooesaleocuenauades 2. 22 2.17 2. 07 Pil 

EES Bae ora ote) Heys aay Bee sesh aera s Se ioie wiefa eae ie eiaeee are eee 2. 09 1. 69 1. 88 1. 67 

18 Oe ey as a8 ont A Sa eee Th ApH bee SEuooUdEpES 2. 59 1.80 2. 21 1.89 
13 iaaaaes 6 DeReee ans eae amn ts COO OUE Soin aes ebanec 2. 30 2.19 2. 06 1,78 

SS seen See acs ee Sener te te ee ee Ee pai 2. 21 1.95 2. 03 1.97 

1D als See eee ceden Sega Dabs 4 SHeb pose na SonneDbSEonp sSOoEF 2.70 2. 27 2. 54 1.88 

1 1Dy Sh Senne Sah oseea eos ane oee See oeE hee bosSSooe 1.85 1.50 1.55 1 Ge 
12 tt Sees 6 OEE ae Seen Kee Rennes See err ere ne 1.93 2. 09 1.63 1.65 

Sree or eee ssa eee = enna danow sean saaeeamee 1.95 1.69 1,92 1.74 

Disuacandos Ss sean cancsseeonecus] sesuSsopeUSoooDSEscocd _ 2.91 2.21 2. 43 1.93 

3 PHS So iaic Satchels sic eS taae eis ein NA aes Sais SAA eS 1.72 1.51 1.74 1.52 
Jel hg pooboe ssoscsboeseua es onesendeobaosHOSUSoeCsOedeS 2.13 2. 05 1.52 1.70 

PS EER AE eee hs sar Eee em ese Hie ae aee ib 7Al 1. 67 1.74 1. 62 

DD: tabees Bess Nass ce ec Ss Sepy Sots Bee ice eee? ee 4, 48 3. 34 2. 78 2.47 

1s} | PIB LSS Boe SaaS SeSoo does soe sess sunooos oso sooebobeSoUode 2.71 2.71 2.35 1.90 
i555 senonodooneess seems anos eaeSootaboSsecuaboade a 55 1.81 1.94 1. 79 1.81 

DAN OL AL Ot Pesaro ane ote Sots Ae el eee eee ee epioete eee 2. 22 1. 96 


User oF DuUBOSCQ AND SCHREINER COLORIMETERS IN THE NESSLERIZATION METHOD 
FOR AMMONIA NITROGEN. 


As many food laboratories are equipped with Schreiner color- 
imeters and not with Duboscq instruments which have always been 
recommended for this work, a series of comparative tests was made 
with the two instruments, using the same solutions in both instru- 
ments. The results are given in Table 36. 
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TABLE 36.—Ammonia nitrogen obtained by use of Duboseq and Schreiner colorimeters in 
the nesslerization method. 


R Ammonia nitrogen. Ammonia nitrogen. 
aS Tuitial of Sam- | Initial of 
R 5 analyst. ple analyst. | 
: Duboseq.|Schreiner.| Titration. No. Duboseq./Schreiner.| Titration. 
Mg. per | Mg. per | Mg. per Mg. per | Mg. per | Mg. per 
100 grams.\100 grams.\100 grams. 100 grams.|100 grams.|100 grams. 
TA N(R ee ae 15) 1.2 2.0 66 {g MeeVee Talo clove 1.8 1.4 2.9 
AGH Bees oe eee 1.6 13 1.9 BU IS cea ect 3. 0 2.8 Bol 
Aiba SEB atee Sele cess 1.9 15 2.2 lee eee 2.0 2.0 2m 
ANGST |) SSP a eee eee Pei 1.8 2.8 Gia Ele asee see: 2.3 2.5 2.5 
Shall Be ero aaa 4.6 3.9 4.5 Seosaue ones 2.4 252 22: 
ID) Ge te Sete ae 3a PX 3.0 esas eSece 23 2.3 2.4 
GOR eee ees PES 2h 2.6 UO:lhyis be Se te ease 2.7 Qn! 2.9 
Ae hae e Mere 2.6 1.8 3.0 Sic eee 2.7 253 2.8 
ID Ae eres 2.9 2.4 2.8 | DR Beem 7.0 6.8 Utd 
GI See eee ee se 2.4 2.5 2.6 Wd isleee eaauae 8. 0 6. 6 6.6 
15 [jsp gente 3.0 2.4 3.0 Sree agacee 8.2 8.5 8.1 
ID) eee Ee 6.3 6.0 6.9 1D ease nee 6.5 6.1 4,2 
G2 iWaseee cia 2 6.1 6.7 6.5 GS e le asmamene 3.7 2.8 4,9 
ees ge 6.5 5.9 6.8 Sian eeu se 5.5 5.3 4,5 
10s Sees 9.9 8.2 Sie. O . I aee SB See al 6.5 6.7 4,4 
G33 Kdieoeesoreeoe 7.0 8. 0 8. 0 69 1 Sacer 4.5 4.5 5.0 
lel Saar 7.8 8.2 8.7 Shas. tee 5.7 4.9 4,7 
Dates eve is 3 2.3 25a 2.6 IDeasacosaeee 252 2.1 Zoli 
AGN SIR eerste co -- Dl 2.2 2.4 CO hile lets Seeealase 2.4 1.5 2.1 
13 Oe io ele 2.0 1.4 Qh. Se Bbeeeesese 2.9 2.4 2.4 
ID Aes sera Qe 2.0 2.8 iD paar sees 2.5 2.4 PI 
75 {2 ce eet Ie 2 2.0 2.9 71 fs Ba iors Sis 2.4 1.8 2.5 
IOs igs 255 1.5 2.3 SSaue a eamaae 2.4 2.1 2.4 
IDSA Bete 2.4 2.4 252 HU SSR SE eis 207, PAST 2.5 
Cae He See 2.3 2.1 2.3 72 { ne see 4.5 3.1 2.8 
Shas wes wens 2.4 2.0 2.8 Sees gaa es 2 PRT 2.3 2.8 
EE eae ne, gee 2.4 2.3 2.3 Tae he areas = 3.3 3.2 PET 
Gog screg ee eee 1.9 1.6 2.8 73 fs BS eeM a Se $2240 1.4 3.2 
IS) ase nen 2.8 253 2.6 Sasa agaaeses 3.0 3.6 3.1 
GG | Wiscecakecece Py UF Qe 3.0 


From Table 36 it is evident that the Schreiner instrument may 
not be substituted for the Duboscq colorimeter, since it gives results 
which are in the majority of cases decidedly lower than those 
obtained with the Duboscq instrument. By comparing the nessler- 
ization results with the titration results, it will be seen that the 
results with the Duboscg colorimeter are too low and that the results 
with the Schreiner, which are still lower, are decidedly inaccurate. 


NESSLERIZATION MrtHop FOR AMMONIA NITROGEN. 


Dissatisfaction with the nesslerization method for the determination 
of ammonia nitrogen was expressed by the chemists throughout the 
cooperative work, not only because of the lack of uniformity of results, 
but also because of mechanical difficulties in the method. Much 
trouble was experienced with foaming. At first this was overcome - 
to a large extent by adding a few.cubic centimeters of amyl alcohol, 
but this method has the disadvantage that the amyl alcohol, due to 
its volatility, often must be added more than once during the aera- 
tion, and also it has a tendency to give a slight blank reading. 
Later very heavy cylinder oil was used successfully to prevent foam- 
ing. Recently one of the analysts reported in connection with 
some determinations made on samples subsequent to the coopera- 
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tive work that the nesslerization method caused difficulty, although 
the reagents used were the same-as those which had given satisfactory 
results a few months before. He considers the method too uncertain 
on account of the foaming and sometimes also turbidity to meet with 
general approval. 

The consensus of opinion of those who participated in the work 
here reported is that while the nesslerization method for ammonia 
nitrogen in frozen-ege products may, because of the shorter time 
which it consumes, be of value, it is not nearly as accurate as the 
titration method, which is preferable where absolutely dependable 
results are required, as, for example, in analyses where court. action 
may beinvolved. If the nesslerization method is used for this purpose 
it should be run in triplicate_and the average result employed. 


STRENGTH OF ALUMINA CREAM TO BE USED IN THE ReEDucING SUGAR DETERMI- 
NATION. 


During the course of the work the question arose as to whether, 
if alumina cream was kept in a large contaimer and was not always 
shaken to a homogeneous mixture before a portion was removed 
for use, the results would be affected by the use of cream of varying 
concentrations. To decide this, alumina cream of regular strength 
was prepared, and it was used as such-and also after dilution with 
varying amounts of water. The results are shown in Table 37. 


TABLE 37.—Reducing sugar obtained with alumina cream of varying strengths. 


100 ce. 75 ce. 50 ee. 20.Ce: 
alumina | alumina | alumina | alumina 
Initial of analyst. cream, cream, cream, | cream, 
C ce. ee 50 ee. (ee: 
water. water. water. water. 


— SE SS SSS ||| eee 


EE eee cie ere ta Aas tis wicis Stal Seraeio Sela ei tate io ial= Siwsate eines neler eae 30 

13} sGanesScd cbc quenepeaaeD ua UU HE QUMaGenn oan odsos boaneosesoadads 3 - 30 3h. 32 
Pee eons sre a and a: Ae agen a ray Pe ga rR re ae raat ery Siege a 38 . 36 37 37 
Dee roe icine sate isos wpe clorsmtely sraei ate claps ote nine = ens nee relatos . 36 36 38 36 
A ee ee ea eee gee we are Site whats ister eal ots o weitere cw isa Ses teate 508) |Possormeee 32) | see eer 
LS ee Ue Cn ey SOE EC Re i Se er RR Re eee Sree RUGS | eee 1S te ee ae 
1 ta eis a ae AC eS CEE RSCOE SEC CISC DOCH OR IER aco ere cic CB dal eh eat es ce oe Bers ea 
13 elie ee ee Rie nee Bale eA AOR SR os Samana eee Seen eas a oe 30 «36 34 39 
Dee ees tee Saute See tees alec tc mracte Secs ciao en ne Soames 32 33 34 32 


These tabulated results prove conclusively that the concentration 
of the alumina cream has no influence. 


CHoIicE BETWEEN SULPHURIC AND HyprRocHLoric ACIDS IN THE DETECTION OF 
INDOL AND SKATOL. 


Experiments proved that sulphuric acid is preferable, because it 
gives more distinct colorations. 


r 
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METHODS ADOPTED. 
FROZEN EGGs. 
TAKING OF SAMPLES. 


When possible, frozen egg samples consist of original unopened 
packages, comprising representative containers of the product in any 
mdividual shipment. Take enough containers to represent fairly 
a whole shipment, and send all samples to the laboratories in the quick- 
est possible way. When transported by common carriers, pack the 
samples so as to prevent thawing, and take every precaution to 
prevent delay in transit. Deliver the samples to the bacteriologist 
immediately upon arrival at the laboratory, and examine no sample 
which does not arrive in a frozen condition. If the material is 
slightly melted around the circumference, the subsamples for bac- 
teriological and chemical examination must be withdrawn from the 
portion which is still frozen.. 

When samples are opened, the bacteriologist, chemist, and micros- 
copist all are present, and, in case of official samples, they initial 
and date seals and cans for identification in the regular manner. To 
preclude all possibility of a claim of contamination during sampling, 
the bacteriologist withdraws subsamples first when a container is 
opened. The chemist then withdraws subsamples, and the remainder 
is turned over to the microscopist. Each analyst gives a receipt to 
the one from whom the container is received in the case of official 
samples. | 


SUBSAMPLES FOR BACTERIOLOGICAL EXAMINATION. 


Take subsamples for bacteriological examination by means of 
sterilized utensils, and place them in sterile containers, which are 
then immediately placed on ice. Take two subsamples of at least 
100 grams each from every can of egg material, one for immediate 
examination, and one to be placed as quickly as possible in cold 
storage at approximately 0° F., for a later check examination, if 
necessary. 

For withdrawing subsamples it will be found convenient to use a 
sterile butter sampler long enough to insure the removal of a core 
of frozen material from the top to the bottom of the container, after 
the surface layer of the frozen material has been removed with a 
sterilized instrument (chisel). Jf the sample is frozen very solid 
it may be found necessary to use a brace and long-shanked bit or 
shipbuilder’s auger, and to collect the shavings for the sample. 
Cores should be taken midway between the center and circumfer- 
ence, from at least three widely separated parts of the container, 
to form a composite sample. 

Thoroughly sterilize the butter sampler or bit before use by flam- 
ing over a Bunsen burner or alcohol lamp, after immersion in alcohol. 


‘ 
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If it is necessary to use a spoon to collect the chips made by a bit, 
it should be sterilized in like manner. Wipe all utensils thoroughly 
clean with a cloth before each sterilization. Thoroughly’ cleansed 
Mason jars, which have been sterilized in the autoclave with the 
rubber rings and covers in place, make convenient containers for 
subsamples. 

The bacteriologist records the general condition of all samples at 
the time of sampling, specifying the temperature, appearance, color, 


and odor. 
SUBSAMPLES FOR CHEMICAL EXAMINATION. 


The two chemical subsamples are taken in the same way as the 
bacteriological subsamples, except that sterile instruments and con- 
‘tainers need not be used, and at least 1 pound of material is col- 
lected for each subsample. One of these should be placed in cold 
storage immediately at approximately 0° F. 


SUBSAMPLES FOR PHYSICAL AND MICROSCOPICAL EXAMINATION. 


These consist of the entire contents of each container, after the 
bacteriological and chemical subsamples have been removed. 


Liquip Eaae. 


Thoroughly mix liquid egg samples with a sterilized utensil, such 
as a long-handled dipper which has been immersed, including the 
handle, in alcohol and flamed, after which subsamples are withdrawn 
for examination. Place the subsamples for bacteriological examina- 
tion in sterilized containers. Keep a record of the general condi- 
tion at the time of sampling, specifying the temperature, appearance, 
color, and odor. 

SHELL Eaes.! 


WHOLE EGG. 


Clean each egg? with brush, soap, and water, and immerse for 10 
minutes in a 1:500 mercuric chlorid solution. Transfer with sterile 
crucible tongs to a small conical graduate or other convenient holder, 
acute pole uppermost. Remove .the mercuric chlorid and dry the 
ege by pouring over it first alcohol and then ether. Scorch the 
acute pole to kill spores that may remain. Immediately remove 
the egg from the graduate, holding it near the blunt pole, turning 
the acute pole down. The hands of the operator should have been 
thoroughly greased with vaseline to avoid contamination by bac- 
teria that might rub off during the handling of the eggs. Hold the 


in the laboratories. 
2 Adaptation of method of Bushnell and Maurer, Kansas Agr. Coll. Bul. 201. 
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egg over the sterile container ' which is to receive its contents, and 
with sharp, stout forceps, which have been sterilized in the flame, 
make a hole of sufficient size to allow the contents of the egg to drop 
into the container. Contamination from above is prevented by 
holding the egg with the acute pole down and making the stab from 
below. 

In this manner introduce the contents of the desired number of 
eggs into the container. Then thoroughly mix these eggs with a 
sterilized electric stirrer, like those used at soda fountains to mix eggs. 


SEPARATED YOLK AND WHITE. 


Clean each egg with brush, soap, and water, and immerse for 10 
minutes in 1:500 mercuric chlorid solution. Transfer with sterile 
erucible tongs to a small conical graduate or other convenient holder, 
acute pole uppermost. Remove the mercuric chlorid, and dry the 
egg by pouring over it first alcohol and then ether. Scorch the 
acute pole to kill spores that might remain. Immediately remove 
the egg from the graduate, holding it near the blunt pole and turning 
the acute pole down. The hands of the operator should have been 
thoroughly greased with vaseline to avoid contamination by bacteria 
that might rub oif during the handling of the eggs. With sharp, 
stout forceps which have been sterilized in the flame, make a hole 
about 4 centimeter in diameter in the acute pole. Contamination 
from above is prevented by holding the egg with the acute pole 
down and making the stab from below. Flame briskly the shell 
around the hole and put the egg, with the acute pole down, upon the 
flamed neck of a sterilized Erlenmeyer flask. Now heat the blunt 
end of the egg with a Bunsen flame, keeping a close watch on the hole. 
The heating expands the air in the air space, which expels the white 
of the egg. As soon as the yolk appears in the hole, interrupt the 
heating and tilt the egg from one side to the other to allow all of the 
albumen to run out. Then hold the egg over another sterilized 
container, and with a sterile platinum needle puncture the vitelline 
membrane. 

In this way collect the whites of the desired number of eggs in 
one container and the yolks m another. Finally thoroughly mix 
the whites with a sterile electric stirrer. The yolks are treated in 
like manner. 

BACTERIOLOGICAL EXAMINATION. 


Start the bacteriological examination immediately after the taking 
of subsamples, all determinations being made on the gram basis. 
After melting a subsample by partially immersing the contamer in ~ 


1 A thoroughly cleaned Mason jar which has been sterilized in the autoclave with rubber ring and 
cover in place makes a good container. 
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water at 40° C., thoroughly mix the material with a sterilized electric 
stirrer of the type commonly used at soda fountains for mixing eggs. 
One with a detachable plunger, which can be removed, dipped in 
alcohol and flamed, is best. Examine this mixed composite sample 
by the following methods: 


ENUMERATION OF VIABLE BACTERIA. 


Into a tared, sterile, glass-stoppered Erlenmeyer flask of 60 to 
100 cc. capacity, weigh approximately 5 grams of the mixed composite 
sample to the nearest hundredth of a gram, and dilute with 9 ce. of 
sterile physiological salt solution (0.85 per cent sodium chlorid) for | 
each gram of egg. Add about 2 grams of sterile glass beads or broken 
glass. Shake thoroughly until the mixture is homogeneous. Fur- 
ther dilutions are made in the regular way by transferrimg 1.0 ce. of 
the mixture to 9 cc. or 99 cc. dilution bottles of sterile physiological 
salt solution in the customary manner. From the appropriate dilu- 
tions prepare a series of plates with standard nutrient agar for 
counting after incubation at not less than 19° C. or more than 21°C. 
for 5 days. Perform all of these operations in duplicate. 

No count of bacteria is official unless based upon duplicate plates 
which agree closely and have between 30 and 300 colonies upon them 
when counted with a lens magnifying 34 diameters, or what opticians 
eall a three and one-half X lens. In case it is doubtful whether 
certain objects are colonies or dirt specks, examine them with a 
compound microscope. : 


ENUMERATION OF B. COLI. 


Inoculate lactose broth fermentation tubes, in duplicate, with ap- 
propriate dilutions of the sample, and make a quantitative determi- 
nation of the presence of members of the B. coli group. 


ENUMERATION OF TOTAL BACTERIA. 


In a tared clean flask of about 50 ec. capacity, weigh approxi- 
mately 5 grams of the well-mixed sample to the nearest hundredth 
of a gram, and dilute with twice the amount of physiological salt 
solution. Add sterile glass beads or broken glass, and mix thor- 
oughly till homogeneous. ‘Transfer a 0.01 cc. portion of this mixture 
to a microscopic slide by means of a capillary pipette of such bore 
that 0.01 cc. occupies from 1.2 to 2 centimeters, and the tip of which 
pipette has been ground to a truncated cone. Lay the slide on a 
piece of black paper upon which a square, 2 centimeters to a side, 
has been ruled with white ink. By means of a heavy platinum 
needle, bent into the shape of a hockey stick, spread the liquid 
evenly over the square within the white lines. A drop of distilled 


1 Standard Methods of Water Analysis of the American Public Health Association. 
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water may be added, if necessary, to obtain an even distribution. 
Dry in the air on a level surface. Make three such slides from each 
subsample. 

Immerse the slides carrying the dried egg films in xylol or benzol 
for 1 minute. Again dry, and place in 1 per cent carbolic methylene 
blue for from 10 to 20 minutes. The object is to stain the bacteria 
deeply, and to stain fat, débris, and background as lightly as possible. 
To do this, wash off the excess of stain in water, and immerse in 50 to 
60 per cent alcohol until only a faint blue is visible. This decolorizing 
is quickly done. Failure to decolorize is followed by serious errors 
in results. | 

Dry, and examine with the microscope, counting 20 fields along the 
diagonals of each slide. 

A desirable optical combination to employ is that which is used in 
the direct microscopic examination of milk. The microscope should 
have an oil immersion objective and an ocular giving the field desired, 
and should be fitted with a mechanical stage. ‘To standardize the 
microscope, place upon the stage a stage micrometer, and on the dia- 
phragm of the ocular place an eyepiece micrometer, with a circular 
ruling, 8 mm. in diameter, and divided mto quadrants. Adjust the 
draw tube until the inner circle of the eyepiece micrometer has a diam- 
eter of 0.146 mm. Record the necessary adjustment of the draw 
tube. By this adjustment, the inner circle will cover i/7,200,000 ce. 
of the undiluted egg, giving a factor of 7,200,000. ‘This means that 
the number of bacteria in a single field shouid be multiplied by 
7,200,000, or, if 60 fields ate counted, the total number should be 
multiplied by 120,000, to obtain the number of bacteria in 1 ce. of the 
original egg material. If any variation from this procedure is used, 
the factor must be calculated. 


CHEMICAL HXAMINATION.! 


Start the chemical examination immediately after the taking of 
subsamples, and make ail determinations in duplicate. Thaw the 
subsamples by partially immersing the containers in warm water, the 
temperature of which should not be above 50° C. Then thoroughly 
mix them, preferably with an eiectric stirrer. In the absence of such 
an instrument in the laboratory, the mixing may be quite satisfactorily 
accomplished by sucking the meited subsample several times through 
a Gooch crucible containing no asbestos, using very moderate suction. 
Examine this mixed composite sample by the following methods: 


TOTAL SOLIDS. 


Weigh approximately 5 grams of the sample into a tared lead dish 
of 24 to 3 inches diameter, and dry in a vacuum of not less than 25 
inches at 55° C., until there is no further loss in weight. This drying 


1 The analytical methods described were very largely devised or adapted to egg analysis by N. Hendrick 
son, formerly of the Food Research Laboratory. 


90 BULLETIN 846, U. S. DEPARTMENT OF AGRICULTURE. 


usually requires about 4 hours. It is recommended that weighings 
be made at the end of 34 hours of drying, and thereafter at intervals 
of about 30 minutes. Weigh to three decimal places. There is an 
appreciable gain in weight after the minimum has been reached. Hx- 
press the results as per cent on the wet basis. 


ETHER EXTRACT. 


Extract the dry residue from the determination of solids with abso- 
lute ether, preferably in a Knorr apparatus, but if this is not available, 
in a Johnson extractor. Cut through the sides of the lead dish con- 
taining the solids at four equidistant points. Place the dish upon a 
fat-free filter paper. Flatten down the sides of the dish. Place 
another fat-free filter paper on top of the flattened dish, and roll the 
papers and dish into a cylinder which will fit the extraction tube fairly 
snugly. In making the cylinder, turn in thé ends in such a way as to 
prevent solid particles from dropping into the extraction flask. 
Place the cylinder in the extraction tube without any asbestos plug 
below it. If the extractor is working rapidly, three hours is sufficient 
to insure a proper extraction. 

Distill off the ether from the extraction flask, and dry the extract for 
one hour at 55° C., in a vacuum of not less aan 25 inches. Weigh 
to three decimal places. Kixpress the results as per cent on the wet 
basis. 

The ether used should not contain any alcohol or water, as a higher 
result is obtained when either is present. It is, therefore, understood 
that ether freshly distilled from sodium will be used. 


ACIDITY OF THE FAT. 


Dissolve the fat obtained in the determination of ether extract in 
50 cc. of neutral benzol to which has been added 2 drops of phe- 
nolphthalein indicator. Titrate with N/20 sodium ethylate. Ex- 
press the results as the number of cubic centimeters of N/20 sodium 
ethylate required to neutralize 1 gram of fat. 


AMMONIA NITROGEN. 


The titration method is an adaptation of Folin’s method for the de- 
termination of ammonia in urine.’ It consists essentially in making 
the sample alkaline, removing the liberated ammonia by aeration, 
and catching it in a measured quantity of standardized acid, The 
excess acid is then titrated. 

The apparatus consists of the following: (1) A wash bottle cen- 
taining dilute sulphuric acid (about 35 per cent) to remove any am- 
monia that may be present in the air entering the system. (2) Some 
form of trap to prevent sulphuric acid being carried over mechanically. 
(3) An aerating cylinder about 50 mm. in Ss and 350 mm. 


1 Zeit. reel Grom (1902), Sts L6L. 
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hich, fitted with a 2-hole rubber stopper carrying a right-angle air- 
inlet tube, open at the bottom and extending to within } inch of 
the eshte of the cylinder, and a trap containimg either a cotton 
or glass wool plug to prevent any liquid from Tete carried over me- 
chanically. (4) A wide-mouthed 8-ounce bottle fitted with a de- 
livery tube coming from the trap on the aerating cylinder. Jt is 
not essential that the special ammonia absorption tubes be used. 
An ordinary glass tube with a small bulb blown on the end through 
which a few holes are punctured answers very well. The method of 
making these is given by Folin and Farmer.t (5) A means of passing 
air through the system. This is best done by a pump which will 
furnish a blast with a pressure of 10 pounds per square inch and which 
discharges into a tank of sufficient size to compensate for the pulsa- 
tions of the pump and to deliver a steady blast. Suction may be 
used, but itis not recommended. Each of the first four parts enumer- 
ated is fitted with a 2-hole rubber stepper, and all are connected by 
glass tubes of suitable shape and length to permit the proper passage 
of air through the apparatus. The tube leading into the acid wash 
bottle should contain a stop cock for reoulating the air supply. 
Weigh approximately 25 grams of sample m a convenient con- 
tainer. Pour as much as possible of this material into the aeration 
cylinder, and transfer the remainder by means of four 25 ce. portions 
of ammonia-free water, stirring each time with a rubber-tipped glass 
rod to remove any ege adhering to the sides of the weighing vessel. 
Add 75 ec. of alcohol, mix well, let stand for 15 mmutes. Add 
approximately 1 gram of sodium fluorid, 2 ee. of 50 per cent 
potassium carbonate solution, and 1 ce. of kerosene. Connect the 
apparatus, and aerate into the receiving bottle, which should contain 
10 ce. of N/50 sulphuric acid, 2 drops of methyl red indicator (satu- 
rated solution in 95 per cent aleaHOEy and about 75 ce. of ammonia- 
free water. The aeration should be carried on for 4 hours, or as 
long as necessary to remove all of the ammonia, using as rapid a 
current of air as possible. Titrate the excess of acid with N/50 


sodium hydroxid (free from carbon dioxid). Express the results 


obtained as milliorams of ammonia, nitrogen per 100 grams of sample 
- onthe wet basis. If there is insufficient time to complete the determi- 
nation, the sample may be left over mght in the cylinder with the 
alcohol and sodium fluorid added. The potasstum carbonate, of 
course, should not be added until ready to proceed. If the sample 
has a bad odor 1t may be necessary to use more > than 10 ec. of N/50 
sulphuric acid. 

Tt is essential that a blank experiment be run to determine the 


percentage recovery of ammonia, using a known amount of pure. 


1J. Biol. Chem. (1912), 11: 496. 
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ammonium sulphate 1 (containing about 3 mg. of nitrogen) and 25 ce. 
of water, instead of the egg. The recovery should be over 95 per 
cent. It is also essential to run blank experiments with the reagents 
and water used. = 

The nesslerization method is an adaptation of the micro-method 
of Folin and Macallum for the determination of ammonia in urine.? 
The essential features of the method consist of rendering a small 
sample alkaline, removing the liberated ammonia by aeration, and 
catching it in dilute sulphuric acid. This is then nesslerized, and 
the ammonia determined quantitatively by comparing the intensity 
of the color with a known standard in a Duboscq colorimeter. 

The apparatus employed is as follows: (1) An ordinary acid bottle, 
fitted with.a 2-hole rubber stopper, and containing from 200 to 300 
ec. of 35 per cent sulphuric acid, to serve as a wash bottle for remov- 
ing any ammonia that may be present in the air which passes through 
the system. (2) A 10 by 14 inch test tube of strong glass connected 
to the wash bottle, to serve as a trap to remove any spray of dilute 
acid. (8) Asmall Kjeldahl flask of about 125 ce. capacity for holding 
the sample. (4) A 10 by 14 inch test tube, to serve as a trap to 
catch any foam which may be formed in the sample and carried over 
mechanically. (5) A 100 cc. volumetric sugar flask containing 2 ce. 
of approximately N/20 sulphuric acid and about 20 cc. of ammonia- 
free water. (6) A means of passing air through the system, like 
that described for the titration method (p. 91). Blast at 10 pounds 
pressure is preferred; suction may be used. Each of the first five 
parts enumerated is fitted with a 2-hole rubber stopper, and all are 
connected by glass tubes of suitable shape and length to permit the 
proper passage of air through the apparatus. The tube leading into 
the acid wash bottle should contain a stop cock for regulating the 
air supply. It is essential that the tube leading into the 100 ce. 
oraduated flask receiving the volatile ammonia be bulb-shaped on 
the end and perforated with small holes to insure thorough dispersion. 

Weigh approximately 3 grams of sample on a watch glass and add 
a few drops of water at a time, mixing into a homogeneous mass with 
a rubber-tipped glass rod, until about 3 cc. of water have been added. 
Then wash into the Kjeldahl flask with about 10 ce. of ammonia- 
free water. Add 6 cc. of a solution containing 10 per cent of 
sodium carbonate and 15 per cent of potassium oxalate. Add 
enough very heavy cylinder oil to make a layer over the liquid. 
Pass through this mixture a current of air of sufficient strength to 
cause a slight spray in the receiving flask, which contains about 20 ce. 
of ammonia-free water made acid with 2 cc. of approximately N/20 
sulphuric acid. Aerate for 1 hour and dilute the liquid in the flask 


1 For method of preparing pure ammonium sulphate, see Folin and Farmer,J.Biol. Chem. (1912), 11: 496. 
J. Biol. Chem. (1912), 11: 523. 
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nearly to the 100 cc. mark with ammonia-free water. Add 2 ce. of 
Nessler solution, fill the flask to the mark with ammonia-free water. 
Close the flask with a thoroughly washed rubber stopper, and shake 
well. Compare the color in a Duboscq colorimeter ' with that of a 
known standard made up at the same time, and containing 2 cc. of 
approximately N/20 sulphuric acid. Express the results as milli- 
grams of ammonia nitrogen per 100 grams of sample on the wet basis. 

Tt is essential that a blank experiment be run, using a known 
amount of pure ammonium sulphate (contaming about 0.3 mg. of 
nitrogen) and 25 cc. of ammonia-free water, instead of the egg¢ mate- 
rial. Such an experiment should show over 95 per cent recovery. It 
is also essential to run blank experiments with the reagents and water 
used. 

This method while more rapid is not as accurate as the titration 
method. If it is employed for samples where legal action may be 
involved, it should be run in triplicate, and the average of the three 
determinations used. 

Phosphotungstic acid method.—Weigh 5 grams of well-mixed sample 
in a tared 100 cc. glass-stoppered Erlenmeyer flask. Add 45 cc. of 
phosphotungstic acid solution made up as follows: Water, 420 cc.; 
1 per cent sulphuric acid, 10 cc.; 20 per cent phosphotungstic acid, 
20 cc. Shake well. Let stand 5 minutes, and filter through a folded 
ammonia-free filter paper. Transfer to an aeration cylinder 10 ce. 
of filtrate, which corresponds to 1 gram of sample; add 2 drops of 
white petroleum oil, and 1 cc. of 10 per cent solution of sodium 
carbonate. Aerate strongly for 4 hour into 8 cc. of 1 per cent sul- 
phuric acid. The same chain of apparatus as that described for the 
nesslerization method (p. 92) should be used. Nesslerize with 0.25 
cc. of a Nessler solution made with mercuric iodid, dilute to 10 cc. with 
ammonia-tree water, and compare with a standard prepared with 0.03 
me. of nitrogen in the form of ammonium sulphate in 10 cc. volume. 

If a heavy red precipitate forms on adding Nessler solution, add 
just enough 5 per cent acetic acid to dissolve it, dilute to about 45 cc., 
again add Nessler solution, and make up to 50 cc. Make the neces- 
sary change in the calculation for the greater dilution. Express the 
results as milligrams of ammonia nitrogen per 100 grams of sample 
on the wet basis. 

This method is good for rapid and approximately accurate work, 
but should not be used for samples where legal action may be involved. 


REDUCING SUGAR. 


Wash 25 grams of sample into a 200 cc. graduated flask with 75 cc. 


of water. Make slightly acid by adding 2 cc. of 5 per cent acetic acid 
for white or whole egg and 1 cc. for yolk. Mix, and immerse the flask | 


in boiling water until the egg material is thoroughly coagulated. This 


1The Schreiner instrument gives results which are too low. 
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requires about 15 minutes. Cool to room temperature, and make up to 
the mark with washed alumina cream. The sample is then shaken 
vigorously for 1 minute, is allowed to stand about 5 minutes, and then 
shaken for i minute. Filter through a dry folded filter, and deter- 
mine the reducing sugar in 50 cc. of the filtrate by the Munson and 
Walker method. Calculate as dextrose, and express the results as 
per cent on the wet basis. 

The washed alumina cream is prepared by washing ordinary alum- 
ina cream-five times by decantation, using enough water so that at 
least half of the total volume may be syphoned off each time. 

On account of the volume occupied by the precipitate the results 
are a trifle high. This error amounts to about 1.4 per cent for white, 
3.3 per cent for whole egg, and 7 percentfor yolk. It is not custom- 
ary to correct for this. 

i INDOL AND SKATOL. 

Dilute a 200 cc. portion of sample with 500 cc. of water, acidified 
with 40 cc. of 5 per cent acetic acid for white or whole egg, and with 
20 cc. for yolk, coagulate in boiling water or live steam, and filter. 
Steam distill the filtrate as rapidly as possible. Extract the distillate 
(approximately 300 ec.) with ether in a separatory funnel. To the 
ether extract add about 3 cc. of water, and evaporate before an elec- 
tric fan until the smell of ether has almost but not entirely disap- 
peared. A trace of ether does not affect the result. Add 10 cc. of 
water, filter, and apply the vanillin test to the filtrate. 

Vanillin test —To 5 cc. of the solution to be tested add 5 drops of a 5 
per cent solution of vanillin in 95 per cent alcohol and concentrated 
sulphuric acid. The acid should be added in the proportion of 2 ce. 
for each 5 cc. of solution being tested. If indol is present, an orange 
color, soluble in chloroform, amy] acetate, or amyl valerianate, will 
be formed. If skatol is present, a deep red to violet color, readily 
soluble in chloroform, amyl acetate, or amyl valerianate, will be 
formed.t : 

As confirmatory tests, if needed, the following are suggested: 

P-Dimethylaminobenzaldehyde test—To the solution to be tested 
add 1 cc. of a solution consisting of 4 parts of para-dimethylamino- 
benzaldehyde, 380 parts of absolute alcohol, and 80 parts of concen- 
trated hydrochloric acid, in such a way as to form two liquid layers. ? 
If indol is present a purplish red color will be formed. 

Dimethylaniline test—To 5 cc. of the test solution add 5 drops of 
dimethylaniline and 4 cc. of concentrated sulphuric acid. If skatol 
is present, a deep red violet coloration is formed.’ 


PRESERVATIVES. 
Formaldehyde.—The test may be made exactly as in milk. 
Boric acid.—Make the test as in milk.® 
1J. Biol. Chem. (1916), 24: 528. 4 Leach, Food Inspection and Analysis, 3d ed., page 268. 


2 Zeit. physiol. chem. (1906), 42: 25. 5 Leach, Food Inspection and Analysis, 3d ed., page 182. 
3 J. Biol. Chem. (1916), 24: 527. 
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Salicylic acid.—Use the method for the detection of salicylic acid 


in preserved eggs.! 
MISCELLANEOUS CHEMICAL TESTS. 


The chemical tests described are those which up to the present 
time have been found most useful in detecting the presence of decom-: 
posed egg material. With advances in knowledge it is probable 
that these will be supplemented and possibly displaced by new and 
even better methods. The followmmg methods, upon which some 
work has already been done, seem to offer possibilities: 

Inorganic phosphoric acid.—R. M. Chapin and W. C. Powick have 
discussed ‘‘An Improved Method for the Estimation of Inorganic 
Phosphoric Acid in Certain Tissues and Food Products,’ in the 
Journal of Biological Chemistry (1915), volume 20, number 2, page 97. 

Separation and quantitatwe determination of the lower alkylamines 
wm the presence of ammoma.—A method for this separation and deter- 
mination has been published by F. C. Weber and J. B. Wilson in the 
Journal of Biological Chemistry (1918), volume 385, number 2, 
page 385. 

Catalase.—Tests for this determination are discussed by Rullman 
in Centralblatt fir Bakteriologie, Parasitenkunde und Infections- 
krankheiten. II Albteilung (1915), volume 45, page 219, and by 
M. E. Pennington and H. C. Robertson, jr., in U. S. Department of 
Agricuiture, Bureau of Chemistry Circular 104. 

Determination of degree of putrefaciion.—F. W. Foreman and G. S. 
Graham-Smith have reported their method in the Journal of Hygiene 
(1917), volume 16, page 109. 


PHysicaAL AND MicrRoscoricaAL EXAMINATION. 


Note the odor of frozen egg products while the product is frozen 
and again after thawing. For this purpose remove a small amount — 
from the can and immediately thaw it. Allow the remainder of the 
contents of the can to thaw in running cold water, which takes about 
12 hours for a 30-pound can. Examine the sample for mold, em- 
bryos, eggshells, dirt, larvee, and other foreign material by the follow- 
ing methods: 

PHYSICAL. 

Note the odor of the eggs. Good eggs have a characteristic eggy 
odor, which must be distinguished from a sour, a musty, and a rotten 
odor of bad eggs. Then make a physical examination to detect 
the presence of mold, embryos, eggshells, dirt, larvee, and any foreign 
material, as follows: 

Dip out a small amount into a Ane flat pan, the one most satis- 
factory being white enamel, 2 inches deep and measuring 12 by ee 
inches. Add enough water to theegg to make a thin mixture, about one- 


1 Chem. Abs. (1914), 8: 3331. 
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half inch deep; separate any masses present by the fingers or forceps 
until the whole is a homogeneous mixture. By tilting the pan back 
and forth any thickened portions or black specks can be detected. 
These thickened portions of albumen and yolk, which may or may 
not be discolored, generally contain mold. Remove any suspicious 
pieces, and examine microscopically. If embryos are present they 
can be detected by a dark spot, which is the pigment in the eye. 
After carefully examining a panful in this manner, strain it through 
a sieve, usually one of the ordinary household type, 12 inches in 
diameter, with about 14 mm. mesh (or 16 or 20 meshes to the inch). 
Wash through the sieve all of the egg which will go through easily 
without rubbing. Search what remains on the sieve for mold, em- 
bryos, dirt, etc. The entire sample should be examined in this man- 
ner. Express results as number of each per 30 pounds of material. 


MICROSCOPICAL. 


Any pieces picked out of the egg as being suspicious must be ex- 
amined microscopically. If mold is present this examination wiil 
show the mycelium, which may be colorless or dark. Often spores 
are present. To detect the mycelium it is necessary to make a thin 
mount through which the light readily passes. The lighting must be 
carefully adjusted, however, as the mycelium is generally about the 
color of the egg. This requires only a small amount of each piece. 
The remainder, as well as the embryos and foreign material, should be 
preserved in 5 per cent formalin for court exhibit. It is unnecessary 
to make a microscopical examination for embryos, as those found are 
usually of from three to five days’ development. At this age they 
are well formed and easily recognized macroscopically. 

The analyst must become familiar with the appearance of various 
kinds of inedible eggs. This can easily be accomplished by obtaining 
rejects from a candling establishment and breaking them out. The 
spot eggs found in frozen eggs are heavy spots where the yolk is 
thickened and of a whitish appearance, or moldy spots, or spot eggs 
containing embryos. White rots can not be determined by this 
examination, as they are too intimately mixed with the whole mass. 


SUMMARY. 


Analytical results for eggs of the same quality agree very closely, 
no matter whether the eggs are produced and examined in Washing- 
ton, Philadelphia, New York, Chicago, or San Francisco. When 
carefully followed, the analytical methods described in this bulletin 
will give concordant results in the hands of a number of analysts. A 
formula has been devised which will separate into edible and inedible 
groups samples of liquid or frozen white, whole egg, yolky mixture, 
and yolk prepared from either fresh eggs or storage eggs. A formula 
for sugared yolk is also proposed. 


© 


